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SYNCHRO SERVO MOTOR RESOLVER 


Ketay offers a complete range of sizes and types of rotating components . . . synchros, servo motors, and 
resolvers. Specifications for 116 of them are contained in an illustrated brochure, available upon request. 


Ketay leadership is the result of sound, imaginative engineering. From the 
design of a specialized component to the fabrication of complete systems, 
Ketay engineers create the “standards of tomorrow”. 


. leader in the development and manufacture of 
Synchros, Servo Motors, Resolvers, Amplifiers, Airborne 
instruments, and Automatic Controls. 

Ketay leadership is the result of a combination of research, 
experience, and outstanding manufacturing facilities. 
Some of these facilities are pictured here. 

Ketay has produced many firsts in automatic controls. 

For example, in Synchros, Ketay was first to produce 
miniaturized Synchros so remarkable for their high 
accuracy and unmatched reliability. Ketay was first to 
produce high temperature and corrosion resistant Synchros. 


Today, Ketay produces literally hundreds of different 


~~ eis 
So , Executive Offices: 
Costs, quality, and stringent delivery schedules, are best controlled when criti- 555 Broadway, N. ¥. 12, N. ¥. 
cal manufacturing is done “on the premises’ . . . under close supervision. 
Ketay plants are fully equipped with modern machines and equipment. This Manufacturing yY 
Heald Borematic Department is but one of muny such divisions at Ketay. 


New York Division 
Electronic Instrument Div. 


A ee 
| erty : 


MAGNETIC AMPLIFIER RESOLVER AMPLIFIER ELECTRO-MECHANICAL ASSEMBLY 


Components for complete systems including gear trains and amplifiers of conventional and miniaturized types 
are available to meet the most demanding of design requirements. 
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Electronic control devices are among the many instruments Ketay manufactures for aircraft, missiles, marine, 
ordnance, and civilian application: Special designs to meet the limitations of space and operating conditions. 


Lay 


electro-mechanical devices some of which are illustrated on 
these pages. Currently, original Ketay developments are 
providing instrument performance far above present 
standards—many of which were set by earlier 

Ketay developments. 








Inspection of all parts, sub-assemblies, as well as completed instruments, is a 
fetish at Ketay. For instance, all bearings are inspected with specially devel- 
oped equipment in air conditioned work space. This is just one of the many 
techniques that assure maximum performance when Ketay units are specified. 






















Ketay successfully applies its production facilities and 
experienced research personnel to specific problems for 
the leaders in automatic control. 





Your interest will be well served by 
learning fully of the products and 
services you may obtain from Ketay. 


Pacific Division: 


12833 Simms Avenve, Hawthorne, Calif. Precision of manufacture is vital in every Ketay unit. To assure continuing re- 


liability for its products, Ketay employs the very latest facilities and techniques. 
Typical is this “gear room’ where modern gear cutting machinery produces 
gears to the finest of tolerances. 
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Kinetix Instrument Div., Pacific Div. 
Research & Development Div. 





TACHOMETER GENERATOR PANCAKE SYNCHRO GYRO PICKOFF SYNCHRO OVERLOAD TRANSFORMER 


Many specialized units have been designed by Ketay engineers and are in quantity production. Custom engi- 
neered units for specific application are also available. 
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GEIGER-MUELLER TUBES... 
the World’s Best 


Tracerlab’s line of pre- 

cision Geiger-Mueller tubes — 
produced in small, carefully proc- 
essed lots — are the standard 

against which all others 

are compared. In addition 

to the universally used TGC-1 
and TGC-2 Mica Window Tubes, such 
tubes as glass beta and gamma dip- 
ping tubes, proportional tubes, soft x-ray 
tubes, high efficiency and direc- 
tional high efficiency gamma _ tubes 
for medical work, and industrial 
gamma tubes are available. 

Each tube is carefully tested to 
Tracerlab’s rigid quality 

standards before it is assigned 

an individual warranty num- 

ber and carefully packed in a 
tennis ball tin for 

shipment. All tubes — in- 
cluding several unique new 
models — are com- 

pletely described and illus- 

trated in Catalog D, copies of which 


will be sent on request. 


GAR 


130 HIGH ST., BOSTON 
2030 WRIGHT AVE., RICHMOND, CAL. 
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d Shielding e ee fo meet your needs 


Where lead shielding is indicated, on account of 


space limitations, the need for an easily “worked” 
material, or for reasons of economy, we would 
like to figure on your requirements. As “workers 
in lead” for many years, as a principal producer 
and marketer of all types of lead goods, National 
Lead Company is in excellent position to supply 
lead shielding that will meet your specifications. 


Stock Shielding 


We can usually “fill from stock,” or furnish on 
short notice at all of our Branches around the 
country, orders for lead brick, slabs, sheet, sleev- 
ing and other standard extruded, rolled, milled 
or cast forms. 


Want more information? 


Custom Shielding 

Where “made-to-measure” shielding is needed 
(like the above CO-60 safe and cask, for example ) 
we will be glad to quote on receipt of your draw- 
ings and specifications. A sales engineer will call 
if an on-the-job discussion is required. 

A leaflet on “Lead Shielding” will be mailed to 
you if you ask for it. Please 
Branch. 


address nearest 


National Lead Company 


@ 
. New York 6; Atlanta; Baltimore 3; Buffalo (Depew P.O.) 
PR Chicago 80; Cincinnati 3; Cleveland 13; Dallas 2; 
YB Philadelphia 25; Pittsburgh 12; St. Louis 1; Boston 6 
Kf ( National Lead Co. of Mass.); Los Angeles 23 ( Morris 

P. Kirk & Son, Inc.); Toronto, Canada (Canada Metal 
‘2 Company, Ltd.) 
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control is required 


WESTON 


Sensitrol Relays 


eliminate need for involved electronic circuits, and auxiliary power 
supplies. 


operate directly on values low as '2 microampere, or 14 millivolt. 


handle substantial wattage at 110 volts on non-chattering magnetic 
contacts. 


available with single or double contacts, fixed or adjustable, 
manual or solenoid reset. 


Designing, or redesigning, for greater simplicity, compactness or 
reliability, investigate these widely used, ultrasensitive relays. 
So sensitive that they operate direct on the output of thermo- 
couples, resistance bulbs or photocells, they enable designers to 
cut manufacturing and maintenance costs by dispensing with 
involved circuits and many troublesome components. To help you 
adapt these rugged relays to your problems, engineering assistance 
is freely offered. Write ... WESTON Electrical Instrument Cor- 
poration, 614 Frelinghuysen Avenue, Newark 5, New Jersey. 


WE tM 
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Solar Skill 


These convoluted couplings of 


Monel requ ire high surface 
perfection 


ONE OF THE LATEST ACHIEVEMENTS at Solar 
is the volume manufacture of convoluted 
couplings made of Monel® metal, for a new 
continuous gas processing system. These 
Hexible joints are produced in various sizes 
from 3 inches to 36 inches in diameter, with 
material gauges from .012 to .038 inch. 
opecin 
lutely free of contamination or defects. 
Maximum thinning after polishing out any 
visible scratch is held to less than .005 inch 


itions require a surface finish abso- 


on the heaviest gauges, and proportionately 
less on lighter material. 

The unusual requirements of these 
components nec essitated setting new qual- 
ity control standards at every stage. 
Unprecedented mill specifications were 
established, to obtain the highest quality 
sheet stock. Throughout fabrication and 


processing, the metal surface is carefully 


guarded from injury of any kind, 
©Reg. trade mark of The International Nickel Co., Inc 
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Want more information? 


The many special machine tools de 
veloped by Solar for automatic welding and 
forming prove especially helpful on this pro 
ject. By reducing the amount of handling 
required, these machines minimize exposure 
to contaminating factors. 

Production of these high quality cou- 
plings is proof of Solar’s ability to meet the 
exacting requirements of modern tech- 
nology in industries other than aircraft. 
When you need a precision part or com- 
ponent fabricated to difficult specifications, 
Solar is your logical supplier. 


AIRCRAFT COMPANY 


DESIGNERS, DEVELOPERS AND MANUFACTURERS OF METAL ALLOY PRODUCTS 


Use post card insert in this issue 


This is What e 
Solar Offers You 


Solar specializes in the 
manufacture of precision 

products from alloys and 

special metals for severe serv- 

ice. Solar’s experience since 1927 is 
unduplicated in this field. Solar skills 
and facilities range from research, de- 
sign and development through to mass 
production. Wherever heat, corrosion 


or difficult specifications are prob- 


lems, Solar can help you solve them 


— 


PLANTS. In San Dicgo and Des 
A total 
of 1,400,000 sq. ft.of floor space 

Approximately 5,000 employces 
Annual sales over $65,000,000 


Moines (photograph above 


EQUIPMENT. Production equipment 
for all types of metal fabrication 

forming, machining, welding, braz 
ing, casting, coating. Extensive lab 
oratory and testing equipment 
Facilities for development, prototype, 


limited or mass production 


SERVICES. Research, design, devel 
opment, tooling and production engi 
neering staffs. Experienced with all 
alloy steels, stainless alloys, super 
alloys, and titanium and its alloys 
Government source inspection and 
Solar quality control meet rigid air 


craft and commercial standards 


CONTRACT PRODUCTION 


Current orders include aircraft en 
gine and airframe parts, alloy cast 
ings, pneumatic ducting, atomic 
energy components, Customers in- 
clude some of the most honored 
names among aircraft and industrial 


companies in the U.S. and Europe 


SPECIAL PRODUCTS 


Bellows. ‘“Sola-Flex''s 
bellows and expansion 
joints in many designs 
from ‘s in, up to the 
world’s largest, 28 ft. 


in diameter 


Gas Turbines. Solar “Mars’’ 50 hp 
engines for auxiliary generator sets, 
ground carts, portable fire pumps; 
Solar “Jupiter 500 hp engines in 


variable and constant speed models 


Ceramic Coatings. “Solaramic’ & 
is the Solar trade mark for a family 
of coatings that protects metals from 
heat, corrosion, galling and abrasion 
Controts. Complete control systems 
utilizing the new Solar ““Microjet’’® 
principle for control of gas turbines, 
jet engines and pneumatic devices 
ee ee 


FURTHER INFORMATION 


service or facility will 
receive prompt attention. Address 
Solar Aircraft Company, 
Department A-24 


Your inquiry regarding any Solar | 
San Diego 12, ¢ alifornia | 
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General Electric Announces .. . 


2 New Integrating Instruments 


...To provide a quick and simple means of determin- 
ing the mathematical integral of a varying unknown 
— or of the integral of the unknown-squared. 









Instrument 
Indication 





General Electric’s two newly announced integrating instruments 
eliminate the need to know the mathematical equation which 
represents the unknown. 


WIDELY APPLICABLE, the instruments measure such variables as 
thickness, width, diameter, or any other electrical or non-electrical 
quantity. When the instruments are used in conjunction with a 





suitable detector and an amplifier, the varying unknown, shown 
in graph 1, is converted into an electrical impulse which is propor 








tional to the unknown. One of the instruments provides the integral 


| 
| 














of the unknown, represented by A in graph 2; the other, the inte- sr eae | 
gral of the unknown-squared, A, in graph 3. . 
FOR FURTHER INFORMATION, contact your nearest G-E Appa | 
ratus Sales Office, or write for Bulletin GEC-1230 to: Section ee | a. 


605-80, General Electric Co., Schenectady, N. Y. 
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Progress /s Our Most Important Product 


GENERAL €@ ELECTRIC 








Patents 


LATE NEWS ons commerrany 


Legislative and business problems facing the nuclear industry under the new 
atomic energy law were thrashed out at a meeting of the Atomic Industrial 
Forum, September 27 and 28. Below are highlights of the Forum meeting. 
(Details of industrial planning under the new law as reported at the meeting 
will be published in the next issue. ) 





Aspects of new law favorable to development of nuclear industry: nuclear fuel 
available for commercial use; industry can own and operate reactors; AEC must 
buy back from industry new fuel that is regenerated; AEC is authorized to 
reprocess used fuel; electric energy produced in nuclear plants can be handled 
in normal way; production and distribution of source materials remains in private 
hands. 


Here is what a private utility will need from AEC to be able to build and operate 
a nuclear power plant: 

—initial allotment of fuel to load reactor, and a “working” excess 

—assurance of future firm supply of fuel 

—contractual commitment on reprocessing of fuel 

—license permitting receipt, possession and transfer of fissionable material 

—license for possession and use of byproduct materials 

—licenses for construction and operation of plant. Automatic licensing for 

operation does not necessarily follow completion of construction. 


Most serious deterrents to industry, according to one speaker, are severity of 
license revocation provisions and limitations on long-term fuel commitments. 


There are two basic kinds of plant licenses: for “commercial” plants (Sec. 103) 
and for “research” plants (Sec. 104). Differences between the two are fuzzy. A 
minimum of regulations is to be applied to 104 licensees. They will get greater 
assistance from AEC (e.g., they can get free use of fuel). Before any 103 license 
is issued, AEC must advise Attorney General regarding anti-trust possibility. 
AEC must charge for fuel under 103 and must make additional special charge 
for fuel that is consumed. 


AEC will control nuclear facilities (production and utilization) and materials 
(source, byproduct and special). AEC has power to determine what level of 
production of plutonium makes a facility a production plant. A utilization 
facility can be broadly interpreted and may not be limited to reactors. Under 
materials controls, AEC can add new ones to list of special nuclear materials 
and force sale by industry to AEC. 


Seven-year guarantee by AEC to purchase industry-produced fissionable material 
starts from date of agreement with licensee on price rather than from date of 
completion of plant. 


On patents, Sec. 152 on inventions conceived during AEC contracts may create 
greatest problems. One AEC spokesman said, “Overwhelming knowledge is now 
in Government labs, and it would be very difficult for a company to prove its 
originality. This will be watched closely by AEC.” Another speaker said, “This 
section has introduced hazards and uncertainties of real magnitude.” 


AEC can require compulsory licensing of patents on own initiative or on that 
of an outsider. In former case, AEC must find the invention to be of “primary 
importance” in the industry and in an applicant's activities. In the latter case, 
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LATE NEWS (Continued) 


AEC must additionally find the applicant's activities of “primary importance” to 
furtherance of policies aud purposes of the Act. 

€ 
Bolder declassification policy is implied in new law. Significant change is that 
now AEC can declassify if there is no “undue risk” to common defense and 
security rather than that such declassification would not “adversely affect” 
common defense and security. Now those wishing to keep things classified, 
rather than reverse, must justify their position. So-called “gray area” of classi- 
fication (that which contains relatively nonsensitive information) can be 
significant to industry if not used as substitute for declassification. 

* 
Role of Joint Committee on Atomic Energy has been emphasized and increased 
with following responsibilities: approval of AEC designation of new materials 
as special nuclear materials and as source materials; approval of agreements 
for international cooperation; control of AEC expenditures on plant construction 
or expansion; and continuing studies of AEC and the atomic energy industry. 
Special hearings to be held each year. This was called “greatest function” of 
JCAE in next few years. 

* 


Availability of uranium will determine speed of development of nuclear power 
industry. AEC pushing of industry presumes adequate supplies for any con- 
ceivable growth. President must make determination each year of amount 
available for industry. Preference clauses related to licensing (preferences to 
public power groups, high-cost power areas, groups with “best” plant designs ) 
are presumably academic unless there is shortage of nuclear fuel. 

o 


Inadequate insurance coverage is available for industrial nuclear power plants. 
One industry guess is that ceiling would be $3-million domestically and $10- 
million abroad. An insurance executive recommended (1) that atomic in- 
dustry determine its insurance needs in type and quantity and (2) that in- 
surance industry set up cooperative program for writing maximum insurance. 
If there’s spread between (1) and (2), atomic industry or Government should 
sustain balance of risk, he feels. 
e 


Time has passed when industry can come to AEC to get large contracts for 
purpose of learning the business said L. R. Hafstad, AEC reactor chief. He also 
said: 

“We've been talking about reactors for three years in the study programs. 
If industry was as aggressive as it should be, why hasn’t anyone come up with 
a plan to take advantage of the new law? We need action now. We need 
aggressiveness if we are to compete with European nations. 

“Equipment suppliers and utilities say they're ready, but nothing happens. 
Each is waiting for the other. 

“It's prudent for industrial magnates to protect stockholders against losses. 
If there’s anything at all to atomic energy, let's not piddle. Let's learn fast what 
the future holds. 

“Utilities should decide whether to sit back and wait for the Government to 
develop competitive plants. If they do this, we'd then have giveaway charges.” 

Hafstad gave this advice: To equipment suppliers—“Do a sales job—on such 
things as research reactors, fuel elements, etc.” He suggested that industry, 
not the Government, should build a fuel-element testing reactor. To utilities— 
submit serious “reactor of the year” proposals to AEC, whereby industry and 
AEC would split plant cost. 
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Jerome D. Luntz, Editor 


Make it an Honest Bid 


N” EMBER 19 IS THE DUE DATE for lump-sum bids on 
the Army Reactor. Thirty- 
three industrial organizations are prospective bidders. 


Package Power 
This is an historie event of great significance to the 
atomic energy industry and considerable importance 
will be attached to the selection of the successful 
bidder. 

No reactor has ever been built before on a lump- 
sum contract, although 32 reactors have been built in 
this country since 1942. All have been built on a 
All have been directly or in- 
Time was of 


cost or cost-plus basis. 
directly related to the military effort. 
the essence with cost a secondary factor. 

In addition, little experience was available on the 
performance of reactor components and materials to 
warrant anvone’s gambling either on the life of a reac- 
tor system or on its cost. And so the Government has 
always sustained the risk although the reactors were 
engineered and built by industry. 


WwW" HAS CHANGED to make this first risk-bid 
feasible? First, considerable knowhow has been 
gained on reactors in general. More important, there 
is experience on this specific kind of reactor—pressur- 
ized, highly enriched, light-water moderated and 
cooled. A similar reactor, the prototype of the STR 
for the NAUTILUS. has been running in Idaho 
for the past 1S months, providing invaluable data. 
Further evidence of the state of development of this 
reactor type is that the Government selected a 
ressurized light-water reactor (the PWR being built 
it Shippingport) for the first industrial nuclear powe 
plant because the most was known about it and it 
mnsequently could be built in a relatively short time. 
Another factor has been the interest and desire of 
many companies to make reactors their business, and 
their realization that it isn’t really a business until 
it is on a fixed price basis. 
\ third critical factor is the willingness of AEC 
illow control of development details to pass from 
their own hands. 
Additional evidence of the feasibility of doing the 
on a fixed-price basis is that the one big question 
mark—the fuel elements—does not seem to be a big 
one here. It was originally thought that the prime 
contractor on the APPR would not be responsible for 
the performance of the fuel, that the onus would be 
on AEC. 
partly because at least several fabricators of fuel ele- 


This has not turned out to be the case, 
ments will guarantee the six-month life required, 

In fact, it appears from the wording of the invitation 
that AEC is offering industry incentive to do the job. 
If the contractor prefers, AEC will fabricate the fuel 

will add $140,000 to the bidder's figure. Industry 
| have to beat $140,000; some think it should be 
to do. 


Despite the favorable factors present, bidding will 
be tough. Just the mere fact that this is the first such 
contract means the bidders will be guinea pigs. Even 
writing the final contract will be hard. 

Although there have been considerable advances in 
the field, it would be an understatement to say that 
the job is far from pat technically. 

In addition to having to meet stringent safeguards 
requirements on reactor and building, the contractor's 
ideas will be subjected to the careful scrutiny of AEC’s 
Advisory Committee on Reactor Safeguards.  Be- 
cause policy changes may be necessary on this job, 
the contractor must try to avoid becoming the victim 
of differences in philosophy or approach, although 
AEC says it will take this into account. 

The job is also tough because it requires three kinds 
of knowhow nuclear, power conversion, and con- 
struction. Many of the bidders, with background in 
only one of the three, are teaming up with other 


companies, 


F IT’S A TOUGH JoB, Why then is it good for the indus- 
This will be the 
first nuclear power plant built in the world where cost 


try for it to be done on a risk basis? 
is such an important factor. Thus, it will be an im- 
portant first step in the development of the nuclear 
power industry. It will make people cost conscious 
in an industry where it hasn't been important It 
will be a dramatic demonstration of the serious inter- 
est of industry in this field. It will give industry a 
clearer picture of the problems involved in selling 
nuclear power plants. 

It is vital that the bidding and the selection of the 
bidder be undertaken with this background in mind 
This job will show the Government and other 
prospective customers what they can expect from 
industry. 

We estimate that anywhere from $'4—'5 million 
will be spent by the bidders on preparing their bids. 
It is obvious that some very serious thinking and 
engineering is being done by many of them. For 
various reasons—toughness of job spees, lack of real 
interest, ete.—not all of the 33 invitees will submit 
bids. And there are some companies that did not 
express interest in getting an invitation because they 
felt some of the bidders might try to “buy”? the job 
with an unrealistically low bid. 

secause of the importance of this first job, we think 
it would be very unfortunate if the job were “ bought.”’ 
The responsibility that this doesn’t happen is on the 
shoulders of industry and the Government—industry 
to keep in mind the long-term development of the 
field, and the Government (within legal bounds) to see 
to it that the award goes to a responsible company 
with experience in this field and one that submits a 


realistic bid, 
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Trends in Nuclear Instrumentation 


New, more portable survey meters; novel pulse-height analyzers; scintillation 
counting; air-monitoring equipment of increased sensitivity; transistor 


circuitry; and reactor instrumentation are reported here 


By DENIS TAYLOR 
ftomic Enerqgy Research I 
Harwe is Enaland 


THE purPOsE of the Instrumentation — « Canadian and British . plants) are liable to result in a hazard 
Conference was to exel we informa- ! most respects experiences ie { well as loss of valuable operating 
tion on new circuits, techniques and ree countries have been similar 
instruments developed in tl! me! In the case of the standard labora- It was noted that the special com- 
ean, British and Canadian atomic tory nuclear units: scalers, power units, ponents like Geiger counters and 
energy projects. The confer » Was implifiers, etc.; the fault rate was given photomultiplier tubes had good re- 
held at Harwell, England during t] is about 0.5 to 1.5 faults per vear ac- liability records, while more orthodox 
week beginning May 3, 19: This cording to type. Thus, for simple omponents like vacuum tubes and 
report, prepared at Nw: Nics’ 1 ssemblies of units the total fault rate resistors had the highest failure rates. 
quest, describes the highlights of the an be sufficiently small to be of little acuum tubes accounted for about 
meeting consequence However, for ibor: , f all failures In general, the 
= mblies involving many Lit h merican and Canadian resistor fail- 
Instrument Reliability operating time per instrument failure ure rate was lower than the British. 
There was much discussion at n be seriously short. Any failures art of the improved Canadian per- 


meeting about the 1 hilit f nu n the operation of plant instruments formance was probably due to their 


' 
cleonic instruments and_ statis I ; instruments associated with nu- Pol f de-rating all resistors 50% 


O- 


reliability were presented frot I ( reactors, or with radiochemical i] » rates for vacuum tubes were 
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Block diagram of pulse-height analyzer 
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rectifiers large-scale 


British 
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nuclear instruments 
about 0.4% per 


is compared with about 6% 


rates 


per annum for rectifier tubes). Ex- 


perience in Canada and America with 


rectifiers has not been so 


selenium 
Many 


ments 


of nuclear instru- 
inadequate ventilation 
It seems that 


designers still need to be 


examples 
vith 
presented 


wert many 


instrument 
reminded of the need for heat removal 
large 


to 
In general, it was possible 


if reasonable reliability of a 


assembly of nuclear units is be 
i satisfactory reason to account 
very high or very low incidence 
these 


ed the adequacy or inadequacy 


ie, and usually reasons 
invol 
of heat removal. 
Several of those attending the con- 
ference atte mpted to use the statistics 
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when designing coln- 
Thus, it 


ciples to follow 
ar instruments. 
it 


tubes and stabilizers were out 


1 that the failures powel 
portion to the number of com- 


ved 


" 
supply 


Therefore a 
all 


com- 
ol 
indicated, 


lor units 
equipment 
any one unit Is equiva- 


days of the atomic 
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energy projects standard subassemblies 
were used in varying combinations for 
different With the 
for the highest reliability, the modern 


PUPrposes need 


tendency is to design a complete ih- 


strument for each particular job. 


Consistent with satisfactory perform- 
the 


ponents, 


ance, minimum number of com- 


of lowest possible nuisance 
value, are used: this is particularly s0 
in the case of instruments designed for 
industry. 

All three countries reported increas- 


In- 


by 


ing use of decade sealing tubes. 


creased reliability was obtained 
using these gas-filled counting tubes. 
The of 


were discussed. 


causes commonent failure 
Information was pre- 
sented from American sources that }4 
ol 


by slow changes in the characteristics 


tube-induced failures were caused 


that eventually resulted in catastrophic 
The 


where 


failure of the equipment prin- 


ciple of marginal testing the 
equipment Is subjected to changes in 
currents and voltages that narrow the 
the 
failure of equipment in use due to such 


margin of safety, will prevent 


slow drifts. 
the 
and 


In the majority of instruments 
effects of drifts 
tubes is equivale nt to a change in the 
Hence, the of 


supplies facilitates the 


In Components 


supply voltage use 


common powel 
marginal testing of complex equipment. 
Tests of this ty pe seem likely to be used 
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increasingly; already laboratory nu- 


cleonic instruments with marginal 


testing facilities becoming avail- 


able (1 


are 


Portable Instruments 
The of 
radiacvion-monitoring apparatus was 
discussed, and F, Goulding (Atomic 
of Ltd.) described a 
contamination meter using such tubes. 
It 
monitoring y-radiation over a 
0.1 hr. 
vibrator power 


use cold-cathode tubes in 


Energy Canada, 


is a light-weight instrument for 
range 
It uses a spring-driven 
to chop the 
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one It 


one 
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50) min 
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the other 
circuit 


voltage of 
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and 
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the complete instrument is only 20 mw, 
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1.5-v cell. 

Hardwick also discussed the use of 
cold-cathode tubes in installed health- 
he 


a further development of the 


monitering apparatus, and de- 
scribed 
preceding circuit in which an alarm and 
a pen recorder are used. To prov ide 
“Sensitact’’ meter-type 
full-scale of 
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an alarm a 
relay with sensitivity 


meter. 
to make 
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a positive contact, thereby 
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produces 
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the circuit. 
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alarming and indicating are 
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Scaling Circuits 
Sealing circuits received 
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miniature seal 
Oak Ridge 
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interesting 
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Fig. 2 
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tolerances Of a grid svs | fu matrix sveryv complete circula- 


ing of m moves the ring of 
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Pulse Amplifiers 


Nonlinear amplification at high pulse 
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Ives this problem in good 
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spectrum, illustrating the 


improvement in 


photopeak resolution using P. R. Bell's anti-coincidence 


method 


Oak Ridge VAVve 
ished 
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Borkowski 
hitherto unpubl 
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some perform- 
that 
amplified a 
Ba X-ray peak 
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ance figures for that 
are shown in Fig. 5. They 
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when a 


peak is lost 
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The 
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jected to 5.000 eps background. 
peak is still reco 


new amplifier, at 


vl izable 


10 times that back- 


ground rate. 


Photomultipliers, Scintillators 
R. L. Butenhoff (ALC 


American photomultiplier tubes 


reviewed 
puar- 
ticularly the large-area tubes now being 
made by DuMont 
fast timing experiments were discussed ; 
there RCA 
6347 transit 
spread between 4 and 5 X 10°! see. 
R. B. Owen (ARE) gave 
EMI and 
H099 
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was a preference lot! the 
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the other this plus any laboratory 


contamination. The difference is re- 
ded. A wide strip of filter paper is 
drawn across the two sucking apertures 
under two scintillation 

| accuracy ona background 


100 mpl, the air flow in the two 


} must be identical to within 
1%. This, the difficult 
the problem, is realized in the 

British 


sensitive 


( annels 


most part 
instrument by the use of 


diaphragm valves in each 
controlling the air flow to a 


fan. J. F. Hogg 
said that for a background of 


channel 
ommon exhaust 
AERI 
100 mpl, the standard deviation on the 
output counting-rate meter corresponds 
to 3 mpl; hence if the alarm is set at 
20 mpl, there is a 95% probability of 
between 14 to 


the alarm operating 


26 mpl 


that re- 


energy 


this two-channel instrument 


duce background — by dis- 
crimination against radon, and that use 
thin 


bet ween 


electrostatic precipitation onto 


lay ’ 
AlumMiniun 


foils monitored 


two air proportional counters. It is 
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levels of 


monitoring lower 
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against background 
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isuring the a 
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an airborne two- 
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than those 
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Cowper Energy of 
la, Ltd 
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SSID 


to trap only the larger 


Circuit Techniques 
One the novel circuit techniques 
lescribed at the conference was a new 
pulse-amplitude discriminator 
own in Fig. 7. This will operate 
livolt level with the same pre- 

is normal discriminators operate 
olt level. The sensitivity can 
be made « ompletely independent of the 
d-e stability in any part of the circuit 
relies on a-c parameters of its 

order 
and the 
l-mv region 
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if a triggering accuracy of +0.5 my 
tolerated. For 1% 
the trigger level must be about 100 my. 
order of 0.2 
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Resolving times of the 
possible if the pentodes are 


so that pulse 
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without appreciable change in trigger 
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triggering sensitivity is 
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Experi- 
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duction equipment with 1% accuracy 
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great simplification in 
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Scaling circuit using npn and pnp transistors 


For proportional counters a low-gain 


amplifier is still necessary. 


Transistor Circuits 

There was no general agreement at 
the conference as to the part transistors 
would play in future nuclear instru- 
mentation. It was pointed out that 
the highest resistor values in transistor 
about 10.000) ohms. 


circuits were 


Voltages greater than 20 v were rare. 
This helps reliability, but transistor 
temperature sensitivity is a grave dis- 
advantage, and it is not clear what the 
net gain would be. E. H. Cooke- 
Yarborough (AERE) and G. B. B. 
Chaplin (U.K.) quoted very promising 
11). 
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vie Therefore it seemed reasonable 
use them in a production monitor. 
iim was to produce a monitor 
could be —40° to 


ind operate from a small bat- 


used from 
spring-driven generator. 
points in the design require 
consideration: the variation of 
with temperature, and the use of a 
that is not 
with the bottoming poten- 


potential high 
ired 
circuit, 


The standard — trigger 


a base resistor, shows a large 
riation of triggering sensitivity with 
iperature due to variations of J 


situation can be improved by 


base inductor instead of the 
ise resistor. 

\ better answer is the circuit shown 
1 Fig. 11 


The base is now grounded. 
limiter for the emitter current, 

» is a resistor through which C, 

ges The inductance L, permits 

good bottoming of the collector, and 
R,C,, defines the 
highest operating counting rate, which 
30,000 
The shunting of the input im- 
ebv R 
avoided by the use of diodes as 
Oscillations on the back edge 
pulses due to the ringing of L, 


the time constant, 


the values given is about 


and the collector circuit 


ivoided by choosing Z,, Cy and 


is to damp the collector voltage 


with this circuit the triggering 
may vary as much as 5 to 1 
lifferent transistors, due to 


itions in their V,, 7, and a, 7, char- 
The 


kes it possible to adjust the sensi- 
so that 


sties introduction of R 


the cireuit will always 


at greater than 50 X 10 


ircuit will oscillate at tempera- 


tures greater than 50° C, but this can 


pe j oided by 


using a thermistor, 7), 


as shown. This gives increasing nega- 


tive emitter bias with temperature 
increase to offset the effect of J 
By this means the temperature range 
has been extended to 60-70° C with all 


The sensitiv- 


rise. 


transistors tried so far. 


ity is reduced, but a sensitivity of 
10~'° coulombs is possible by adjusting 
R;. The circuit can still be triggered 
Indica- 


a combination of 


directly from a Geiger tube. 
tion is provided by 
transistor and diode pump in a count- 
ing-rate meter, Fig. 12. 

The r-f high-voltage supply for the 
Fig. 13. The 


base diode starts the circuit into oscil- 


monitor is shown in 


R, is a current limiter for the 
if R, 


transistor will lock on. 


lation. 

emitter; is less than 50 ohms the 
The efficiency 
is about 33° at 6 v and could be as 
high as 60-70% if a junction transistor 
The fol- 


any rectiher 


were used. circuit can be 


lowed by conventional 
The limitation on the voltage 


20:1, 


circuit. 
ratio, here shown as is due to 
stray capacitance across the secondary 
winding; this should be less” than 
200 uf. 

Much of the remaining discussion on 
digital 


reported 


transistors was on circuits for 


computers and will not be 
A shift register circuit shown in 
Fig. 14 is 


consists of a string of bistable circuits 


here. 
noteworthy, however. It 
so arranged that after application of 
the “turn on” and “turn off’ pulses 
in the proper time sequence, each 
bistable circuit takes up the previous 
state of its neighbor on the left, thus 
shifting the 


significance of a binary 


number stored in the register by one 
binary place. 

Kk. H. Cooke-Yarborough 
how this circuit could be adapted to 
Four shift 


connected in a 


showed 


make a novel scale-of-ten. 
stages a, b, c and d are 


ring, abed. In addition to the normal 





+V 





——— 
| or oe i 
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Voltage = 
reactor power 
level 
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voltage 
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Automatic reactor start-up control system 


shift connections from a to ), b to ¢« 


etc., there is an additional shift con- 
nection d to b, so that if 


conducting, application of 


stage d is 
the next 
shift pulse will cause both a and 6 to 
conduct. As 


go through 


a result the circuit will 
the 
(capital letters indicate the conducting 
stages): Abed, aBed, abCd, abcD, 
ABed, aBCd, abCD, ABcD, ABCd, 
aBCD, ABCD. The ABCD condition 
is arranged to be unstable and resets 
to the Abed condition. 

A scaler this was 
demonstrated at the Fila- 
ment-tvpe indicating lamps were lit 


following sequence 


using principle 


meeting. 


directly from the collector currents of 
the 
additional point-contact transistor op- 


conducting transistors, and = an 


erated an electromechanical register. 
Reactor Instrumentation 
The 


mentation covered a wide field. Typi- 


discussion on reactor instru- 
cal is the automatic start-up equipment 


developed by R. J. Cox (AE RE). In 


this system a signal from a reactor 


period meter and from a power-level 
into the 
The 


a demanded doubling 


meter are fed control-rod 


servo system. neutron powel 
builds up with 
time and then levels off to a demanded 


The 


then increased uniformly 


power level. power setting 1s 


to bring the 


reactor temperature up to operating 


level at a constant rate. The svstem 
is shown schematically in Fig. 15. 


A new type ol logarithmic d-e 


amplifier and period meter is included 


in this system. It covers a current 


range ol up to S decades, 
* . * 
IT am indebted tol 1.A 
the Tripartite Conference vho 
Conference Pape 
Bishy, Cor and Kandiah also helped ¢ 
Vost of the 


will be publi hed in greate deta 


s al my disposa 


original contributior 


hy the individual contributors 
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ONITED STATES EMOINEER OFFICE 
Manhattan District 
P, 0, Bex E 


OOOO SO Ee 
Clinton Engineer Works 
OOOO 
SP) CI 


Oak Ridge, Teun. 


S, Cole & Gustav ¥. Edlund 


Receipt of Material, 


be signed personally by the recipient and returned to the sender, 
be retuined by the recipient. 
tained by sender for suspense file. 


» received from (sender) Major ©. E. Kelisy, C. 5. 
as above , the mterial as identified bolow, I 
y for tho safe handling, storage, and transmittal elee- 
accordance with existing regulations, The material, 
nents, 18 idcntifiod as follows: (In identifying 
nee which might cause tho rcceipt form to become CLAS- 


Batch RO-1 
| andi 


RO=2 


$$ e— 


(Signature ) 
(Date) 


Qe DOCUMENTS on this page are receipts for first 
uranium-235 shipped from Oak Ridge to Los Alamos. Liquid 
diffusion plant (S-50) supplied feed for electromagnetic separation 
at Y-12. First Y-12 production was in Jan. and Feb. of 1944. Part 
of first “‘order-of-grams’’-sized shipment was obtained by dissolving 
some stainless steel pipes and fittings of the plant, since U had de 
posited on them. Dr. Herbert A. Young of Tennessee-Eastman Corp., 
then operating Oak Ridge, transmitted the U from final processing 
Dept. 195) to Lt. Lloyd R. Zumwoalt Wilbur E 
Kelley, of Manhattan Engineers District 


@) covrsers Clinton S. Cole and Gustav V. Edlund traveled 
by train to Los Alamos area. They carried special suitcases 
that looked ordinary outside but had gold plated-stainless steel! boxes 


inside. Although great effort was made for anonymity, the mud 
stained shoes of Oak Ridgers were always a tip-off to train porters 


&)" J. ROBERT OPPENHEIMER and Maj. Paul de Silva, 
Security Officer, signed for the U at Los Alamos. Col. Whit 
ney Ashbridge, in charge for MED at ‘Site Y 
This uranium was used in low-power water-boiler reactor built dur 


ing spring, 1944. Reactor fuel was uranyl sulfate, 14.6% enriched, 
containing total of 565 grams of U-235 
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representing May; 


was nominal recipient 


Atomic Archives: 





TOs 


© 


When Uranium 
Was “Tuballoy” 


7 months elapsed between the first pro- 
amount of enriched 


Exactly 1 
duction of a 
uranium and the dropping of the atomic bomb 
Hiroshima. It was on March 6, 1944, that 
< grams of enriched tuballoy (code name for 
uranium) sent from Oak Ridge to Los 
Alamos to be used in a water-boiler reactor for 
neutron studies related to the bomb. And it 
on Aug. 6, 1945, that 
x kilograms of enriched tuballoy”’ 
to Hiroshima.” 

The documents on these pages, published for 
the first time, tell the story of this historic period. 


significant 
over 
Was 
Was 


“a projectile unit containing 


was “expended 
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UNITED STATES ENOIMEER OPP IOE 
Manhatten District 
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Swe. 


Col. Whitusy Ashridge, Site ¥ 
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@ak Ridge, Tem. 





REs 


(sender's address) 

assume full responsibility for 
whore of thie matorial in accordance with existing regulations. 
including inclosures and attuchments, is idontified as follows: (In 
material avoid any reforonce which might cause the roceipt form to become CLAS- 


SIFIED.) 


Receipt of Material, 


Original to be signed persomally by the recipient and returned to the sender! 


Duplicate to be retained by the recipient. 
Triplicate retained by sender for suspense file. 


I have personally received from (sender) C. 8. Cole &G. UV. Bilund 

» the mterial as . 
eafe handling, storage, and transmittal « 
The material 





Description Refer ence 


(Check or indicatc) or 
Pile Bo. 








SO. 


Letter Drawi 
Report, Other. 


No. and Nature® of Copios 
cc 


(Indicate) 





PC 


TC 








Other. bid 
Number and Bature 


Number of inclosurcs and 
attachments 

















al 





* SO: Signed original; CC: Carbon copy; PCs 








(Postal Rogistry Mumbur) 
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Photostatic copy; TO: Typed eepy. 








plane’s return were: Rear A. P. 0. 247, c/o POST MA ~— 
: i. P. O. 247, S £ 
fam. A. 8. Groce, Com DTA wins c SAN FRAsC1S00, CALIFORNIA 


mander-Tinian Naval Air 


Force: Rear Adm. WR. Pur- eer JR 

nell, Naval headquarters liai- Of 

son: Com. F. Birch, Laurence (~c GD, fen: 7 COT pretest ade 
V. Langer, k. B. Doll, C. P. 


Baker, M. Comar, bomb de- Pin ts. Li 
saker | mar pe oa Acq, 2. Udy we Ez 


HW itnesses who signed in con- <— LL Heedcuaerters 
trol room while awaiting FIRST TECHNICAL SERVICE DETACH 


velopment and testing: 

liam I Laurence, Manhattan ony Pt ar andl a - A. aeranree 
District historian; Ens. Don- Ws P. bb he 

ald F. Mastick, assistant oper- “te 
ations officer: Com. F.L. Ash- 
north, executive officer, bomb 
delivery group 








_ 4& 
c ; a” 4 a “SUH 
Receipt of Meterial. s 


et a Brigedier Generel Farrell 
io aN a 
Original to be signed personeil y tae recipient and returned 
sencer 


Duplicate to be retained bythe recipient. 
Triplicete reteined by der for suspense file. 
I certify that the above ma- ° KH —— 
terial was expended to the Uaovmen 7 y 
city of Hiroshima, Japan at . I nave personel received from Dr. Sormen F. Repsrey, Jr., A. P. O. 
0915 6 Aug. s ester, San Francisco, California, tne materiel as 
I assume full rsponsibility for tae sefe aencling, 
nd trensmittal elsernere of this mw: teriel in eccordence 
sting reguleticns. The materiel, including inclosures und et- 
ents, is identified as follows. (In identifying materiel, evoid 
ny reference whicn might cause the receipt form to became classified.) 


6 Aug. 1945 - 








s) HW’. S. Parsons 





Dete of 

Description Document or From heference Addressed vate 
(check or indicate) [Letter of or File No. To Meiled 
Transmittal 





Letter__ Drawin Projectile umit conté ining MMB ad-r-as of enr§ched 
{uth s) W. L. Uanna, 7 Report__ Other. tuballoy at @m average concentretion pf 


ap I di et ) ‘ . 
Date: 26 Arg erg ‘ No. “aitaaeee of The ahoke (n aFeritlg werd carried by 
Partons, VY Lheks ¥ Co xo Arrohisoas 
Part of ‘Dogan sl4—' A eving 
(Suaber & nature) en ‘ay wr ASICFISL. 


Number of inclosures 
and attachments __ 


. * SO: Signed original: fCC: Carbon copy: PC: Photostetic copy:- TM: Typed 
By direction of Fleet Admi- Copy. 


ral Nimitz, the expenditure ¢ “ , Sp 
is approved. 4 LG AG Bag Oe ignature) 
s) G. H. MeMorris . ee — Ti Mw, LT (i ete) 
Fice Admiral, USN : » Ps PLEASE SIGN -N TURN Tiic ORIGINs L RECEIPT IMMEDI/TELY. 
‘a < 
= 





VEL arnQ Lo 


























6 Aug. 1945 





Chief of Staff Pacific Fleet & 
Pacific Ocean Areas 





The above materials were carried by Parsons, Tibbets & 
Co. to Hirohitoa’s part of “Doomsday” leaving Tinian at 
05160 41527 

s) 1. F. Farrell 


4) REALIZATION OF PURPOSE of Manhattan Project is depicted in this receipt for Hiroshima bomb. ‘Projectile unit containing x 
kilograms of enriched tuballoy at an average concentration of x reached Tinian Island in four parts. A cruiser carried the projectile 
components and part of the U; remainder was flown in three airplanes. Brig. Gen. Thomas F. Farrell, in charge at Tinian, received the material for 
the Army. Deliverer was Dr. Norman F. Ramsey, Jr., chief scientist under Capt. W. S. Parsons (USN), leader of Los Alamos Bomb Delivery Group 
that actually engineered the bomb into being 
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MODEL of APPR with reactor shown 
at far right. Shielding plugs are 
above reactor 


How to Test a Nuclear Power Plant 


A contract will be let about Jan. 1, 1955, for the Army Package Power Reactor (APPR), 
the first reactor to be built on a lump-sum basis. Strict specs have been set by AEC 
and Army. Because experience gained on this project will be useful on others, here 


are details of reactor test requirements and features of the contract to be negotiated 


THIRTY-THREE COMPANIES or indus- perform a significant portion” 

trial groups (see NU, Aug. 753 yO fe k with his own force. ir piping shall als« 

names) are hard at work prepa demonstration to indieate they ar 
on the 1,700 electrical-kw Ari 
age Power Reactor APPR to b Development and execution of . out exceeding the lenkage 
built on a five-acre tract at Fort Br nspection and operational procedu Leakage allowance. 


ng the control function with- 


Test Requirements 


voir, Va., about IS miles it} ( ictor responsibilities 


Washington, D.C Invitations wet hi pe ! we test of the pow 


sent out by the Atom 1 Ol under designated operating ¢ 
Musson sane the Arm in te Ie ( quired to demonstra 
and responses are due Noy. | { objectives have been me 


Although APPR-generate powe inctional integrity of ms m e primary loo) equipment 


which 


will be used to serve need y 
a principal objective of shall he 
job is to obtain detailed eak test per- 
r vacuum on the remaindet 


No lCak stint] be (e- 


on olid ited | hngimeer ing 


tion relating to design 

and operation. This will be | tated eh piece of equipment 

by the fact that only lump-sum. pro n | the inspection procedure shall 
posals will be considered | onstrate that the unit is on foun o. ad etor, or equivalent, used at 
Design of the reaetor, wl < to tions or supports true and plumb, isn ul nsitivit 


produce 10 \Iw of heat, is based o1 n ecul fastened against the orce the svstem 
Oak Ridge National Laborator Col deve ped by the unit that could cause sul nd temperature, flanges and weld 


by 
DN 


it operating pres- 


ceptual design of a pressurized ter ndue movement slippage ol bra- Oilnts shall be inspected fe CAKE 


package power reactor installed to perform its de- servation an Vvoa condensation 


tor will he responsible bor et ‘ . nedi Ttunction treel\ 
design and fabrication of a parts h pressure vessel, as it is put i iKit of fluid from all seals : 
the APPR plus its perfor! nee { ( ki connected to associited pip- mckings in the privy loop shall be 


will also be responsible f shall be subjected to a ( | » insure that the amounts are 
operating crew, dure to indicate the installe not i ess of design quantities 


] 


Presumably, the contractor will have unit will perform its designed funcetio m conventional portions 


to be & Company knowl Lore tole ne t oe iting pressures without exceed- if hie pinnt hall not exces | commer- 
ces tor a new power plant 


experienced in the reactor field be ng the leakage allowance elal pract 
cause AKC will require hi t es and shut-off contre s- Rotating machinery. Motors 
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Safety Features and Requirements 


eactor de stgn of the succe ssful hidder is subject to approval by AEC's 


{dvisory Committee on Reactor Safequards. 


need for de sign change 8. 


The re 


actor safe q sards re quire ments 


’ 


Actions of this committee may re sult 


according to AEC, are 


The gene ral re quire nie nts for a structure at the proposed site are that it should 


vif 


he emission to the environment of quantitie 8 of radioactive material which 


biologically hazardous under any credible accident or operating condition 


hich may occur, 
oading, inspection, maintenance, 


Any containment de sign must allow access to the reactor for 
and replacement of all mechanical components. 


ions shall be made for controlled release and filtering of any radioactive 


material prvor to re activating the building after a nuclear incident. 


“One of several practices that has been used in other reactor plants ts to place the 


actor, including all portions of the primary coolant system and other associated 
] } J } ! y 


sipment through which radioactive material may be discharged, in a gas-tight 


OSsUre 


The gas-tight enclosure is then capable of containing the maximum 


pressure resulting from a sudden release of the radioactive flash steam from the 


high pressure 


rupture of that system. 


, high temperature water in the primary coolant system due to severe 


The ventilation system for the gas-tight enclosure provides 


for the controlled release of gases through appropriate filters.” 


Contractor must show AEC’s Advisory Committee on Reactor Safeguards that 


ructure for the proposed site will prevent emission of hazardous quantities of 


; 


rdioactive material to the surrounding area tn the event of any credible accident. 





pumps, and rotating machinery shall 
be tested when put in place and con- 
nected to the system. The procedure 
will indicate that equipment is turning 
in the proper direction without binding 
ralling of bearing seals, excessive 
bration, overheating, or operation be- 


na aes 


gn parameters, 
Instrumentation. All instrumenta- 
on shall be tested and inspected to 

onstrate that 


mounted plumb, without vi- 


each component. is 


connected to read or 
the 


and is 


on-scale values in 


propel 


on 


Noncritical Test Run 
After 
sts contractor 


completion ol 
shall 


a non-nuclear test of the entire 


preliminary 
develop and 
cecute 
yele at design operating pressure 
mperature, 
opment and execution of this 
| be accomplished to: demon- 
integrity of entire system with 
0 operating conditions, inelud- 
ved leaktightness of welds, 
macking glands and inspection 
yw that the control rods satis- 
etorily perform all mechanical func- 
tions that might possibly be required of 
them dur ing nuclear operations; estab- 


sh that techniques and processes for 
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controlling contaminants in the pri- 
mary coolant system are functioning as 
designed; be certain that all reactor 
system equipment is operating properly 
while direct inspection is still possible; 
demonstrate practicability of main- 
tenance procedures. 

The core shall be mocked-up by load- 
with nonuranium dummy fuel 
the 


as the structural material employed in 


ing it 


elements made ol same material 


the actual fuel elements. Contractor 
may select the length of time he desires 
to continue the noncritical test, but it 
shall last no less than seven days. 
Contractor shall prepare and submit 
for AEC approval a preliminary draft 
APPR 


Development and execution 


ol an operating procedures 


manual. 
of the noneritical test shall be geared 
to the operating manual and startup 


procedures therein. Control-rod ae- 


tion, corrosion tests, non-nuclear and 


nuclear instrumentation, and remote 


replacement or repair of equipment 
must be demonstrated. 
Control-rod action. 


demonstrations shall be 


The following 
made and con- 
tinued as long as is necessary to pro- 
vide reasonable assurance to AEC of 
successful control-rod action through- 
out the expected lifetime of the first 


core, 


Contro]} rods shall be actuated to 
that they 
with no sticking or delay due to friction 
that 


tion, 


demonstrate move freely 


would affect safe reactor 
Control-rod 
and 


opera- 
release 
shall be 
actuated to demonstrate proper opera- 


drive and 


mechanisms indicators 
tion. Accuracy and preciseness of the 
control-rod position indication system 
shall be demonstrated. Response of 
the control svstem to simulated nu- 
shall be 
made to agree with design requirements. 

Corrosion tests. 
corrosion will be made under primary- 


clear signals measured and 


Measurements of 


coolant operating temperature, pres- 
sure, and flow conditions with dummy 
fuel Electrical 


conductivity will be measured at least 


elements in place. 
every six hours in the main circulating 
part of the primary loop. Chemical 
analysis and flow rates in the bleed-off 
system (if used) shall be measured fre- 
quently enough to assure reliable esti- 
the 
Accumulations in 


amount of 
the 
changer (if used) shall be collected at 


mates of corrosion 


filter-ion ex- 


the end of the run and measured. 
Dummy fuel elements will be in- 

spected for embrittlement, pitting and 

deposition after corrosion runs. 
Based on tests, 


treatment procedures will be modified 


corrosion water- 
(if necessary) prior to power operation 
to assure safety from excessive coolant 
activation and = fuel-element failure 
within designed nuclear life. 
Non-nuclear 


Readings on all necessary flowmeters, 


instrumentation. 
thermometers, and other instruments 
shall be taken, so that operating con- 
ditions will be recorded and controlled. 
Information obtained must be ade- 
quate for calculating over-all heat bal- 
ance at any time using practice gen- 
erally accepted for steam plants. 
Nuclear After 


installation, continuity and signal tests 


instrumentation. 


of all detecting components, recording 


circuits and control circuits will be 
made, using procedures developed lol 
the particular systems. Signals simu- 
lating high flux levels and short periods 
will be applied to the trip circuits to 
insure design response. 

Radiation detectors will be tested by 
means of standard radiation sources 
All “failures”? that relate to safety of 
the operating system will be induced 
and the response checked against de- 
sign requirements. 

Remote repair. It shall be demon- 


strated by actual performance that the 
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What A Bid Must Contain 


Contractors’ bids to he } 


balance of system; site lay 
of facilities to be used or )/ 
on ou / oO wi | fal wate f 
dese ription of safe { j fe alure 
of what research and develo; 
on guaranteed wmiininium a 


price with or without 


Incentive Plan 


During the Lr-MMonthes ¢ 


operation of the plant 


. ; > I 
exceed a total of 1.20 hi 


mune price jor the lesl 4 


the contractor wi qe 


LOO hr of continuous ope 


the contractor will be pu 


Fuel Elements, Control Rods 


AEC prefer that contr 
less-steel-clad enriched-urar 
if contractor desires, AK 
fabricate one complete core 
rods including absorher 


work AERC will add S140 


idle fou diagram ond eat 
j } J 
ption of buildings; statement 
} ; 
0 and vendor lé 
felarlied hield l¢ ( 
/ j } } | 
and interlocks fatement 
pertormance schedule ] ( 
f it oof plant; and cont / 
ect hor ( 
7) ¢ ot amonth dor / 
/ / 
( ona 1 OF lhe 
note eed a tota j ¢ 
) lo ¢ / ( 
? mot 
for, control rods and sta 


LEC to supp i fue Llowene 
lor to have ORNL approve and 
and 100°, spare cont 


about 6—S months For t 





element life iS Six mont fhan previously + hee 
anticipated 

following items of equip t the operation of 

replaced or repaired within t ors cram, and shutdown 
fied time not including 

period in accordance with oper test procedure shall demon 


manual procedures: replace 
assemblies, 24 hr; replace Ol 
rods and accompanving arive 
nisms, 24 hr; repair plugged t 
primary heat exchanger, S hr: re 
rupture disks, 4 hr; replace se 
valve, 4 hr; replace high-pre 
exchange equipment (if used), 4 
In performing these operat 
entire shield, or a mockup 
place except for blocks ar 
signed to be removable for t 
Ih progress No more tl 
can be used, and AEC 1 


ince standards must not be 


Critical-Reactor Performance 
After completion and 

noneritical inspections a1 

contractor shall develop 

test and inspection pr 

and low-power performances 

strate that the reactor 

critical, brought to low-p 

to full-power operation 


the operating manual t 
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luring the loading operation 


equent and accurate menssure- 


of the effective multiplication 


ind of control rod value. that an 


e margin of satetv is provided 
ne demonstrate, by using 
obt uned Irom control raMy ¢ ili- 
ind temperature and pressure 
ents of reactivity, that a con- 
mm has been obtained that is 
le throughout the core’s life 
nsure that every reasonable 
ition is taken to prevent an acci- 
that could result in injury to 
ne or damage to the reactor 
to the surrounding area 


eneral, the contractor must cor 


ts and calibrations at appropri 
ure of this testing program to 
ne that all instruments are in 
ne ordel ind are LIVING MmdicHu- 


that represent the state of the 


int with suthe ient LCCULTACS 
let ind confidence Contre 
ind circuits and safety de- 

uits also must be checked 





ind teste to determine that the 
operation is rellable and in accordance 
th the design In addition, the cor 
{ t t desigh and yy rm tests 
na f irements to demonstrate that 
the operating manual contains con 
plete ! e instructions for all por 
tions ¢ thie perating procedure 


Control-rod calibration. Mach co: 


t 1 librated over its e1 
tire lengt ith various settings « 
thy t od Sullicient cor 
| { vi setting st be use 
T 1 ( i siVvl ( rt mtro 
eftiect ( tie ruel ek ents 1 
1 ( oved Tf ( tend thre 
ve ( thes ( ire ents 
« t ( These Call th - t 
vet th the contract ealeu 
t ( ( ot it Inection ¢ 
\ Ol oncentrations, w " 
ised t 1¢ ( trate that the desig 
Sp t | contro Te wort! 
1 et ove the cores entire ce 
re “ ting ( 


Temperature coefficient. Prima: 


COO nt ( perature should be raised 
! CANS ( i source othe 
t t powel Du ng this ( 
the temperature and pressure coeth- 
cients of reactivity will be measured at 
Se VE points including room tem- 
perature and operating temperature 
Rise to power. \lesxsurements on 
react nd system behavior will be 
mince t power levels ™ 1&% ol 
fu As experience and = confidences 
are gained, the svstem w be raised 
SlOW ind caretul to tull power 
High-power testing. The emer 
rene cooling system should be tested 


in the tollowing way: 1, with the reactor 


at power, bypass scram signal for { 


il 
ure of primary coolant pump or flow; 2 
brine boiler to operating 


temperature 


and pressure; 56, bring reactor to power 
level equal to maximum. fission-prod- 
uct-ce i heating powe! expected 1 se 
ite shutdown: 4, shut off power to 
primi oOolant pumps and pressurize! 


>. Gi ense reactol powel at not more 





than the ite that fission-produced- 
decay power would decrease; 6, make 
dequate measurements of tempera- 
tures and pressures to demonstrate that 

primary coolant does not b 
Also, the plants response to changes 
ngenerat oad must be tested. Load 
changes d that varv from 
. cl ge, suddet 
ehange I hing i}) nges trom 
10 t 1 oad and 1 change 
lto no load. During this 
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measurements of temperatures, 


and flows should be made. 
int Is equipped with auto- 
ontrol a servomechanism), 


s sh performed both 


ould be 
without the servo, as far as 


LilOW 


Plant Performance 
\fter completing critical-reactor per- 
ests, and after approval is 
om AEC, the contractor shall 
he plant to a 700-hr perform- 


nd a six-month operating 


This test 
reliable 
The 


shall operate the plant na 


700-hr performance test. 
ntended to demonstrate 
of the over-all plant 
er for a continuous period 
it an electric generation rate 
Ak not to exceed the 
te The 
outage ol 


10 hr out of the 700 hr. 


contractor will 
downtime con- 
Out- 
ntime is defined as time dur- 
h the plant does not satisfy the 
| loud 
performance ol 


this test, 


AEC requests, the contractor 


demonstrate that the radiation 


ng svstem Is in proper 


opera- 

ind shall make a radiation survey 
e entire building while the reactor 
perating at full power. 


shall be 


recorded continuously and 


ind complete data 
cally instrumentation pro- 

| contractor) to permit an 

sis of the plant performance dur- 
operation. 

hin the term the con- 

attempt to 


ute the 700-hr performance test as 


contract 
may start and 
times as necessary until success- 
formance of the test is completed. 

thin the contract term or any 
on thereof, the contractor fails 
plete the 700-h 
the contractor 


performance 
shall 


deemed to have failed to perform 


cessfully, 

under this contract satisfac- 
In such event the contractor 
forfeit all or such portion of the 
(20% of the 
as AEC designates in its 


provided for 
t price 
retion. Upon successful com- 
of the test within the contract 
any extension thereof and 


the APPR by 


he contractor shall be paid as 


cceptance = of 


n the contract. 
Upon 
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successful completion of the 


Contract Items 


36 months to have plant ready for six-mont/ operating tes 


have 4 


Contractor wi 
A EC might require 1006, 


of contract price ) pe rlormance hond ai d a payne nt oft 
] 


hond (for labor and materials) ip to 50°; of contract price Contractor will re- 


cewe bonuses for good plant performance during the six-month operating test. 

If the A EC Advisor 4 Committee on Re actor Safe q dards declares the containment 
MeECASHTES propose d by the contractor to he inconsists nt with the maxritmum cre dib ‘ 
LEC must 


fasd 


acceid nt or Ope ration condition for which the measures are to pro vile 9 


with its committee or whether it feels the disagreemer rT 


decide whether wt aqrees 
lo opinion diffe rences The contract will he moditied according 


The Government will hy re sponsible for damaqe from radioa five . loru » EL PlLOsSwve, 


or othe r hazardo iS prope rlies of source, fisstonable or radioactive materials used 
but they will be 


No pate nts will be pe rmitled on the reactor or its compone nts 


i the steam and erie rating S iste wis 


Work Schedule 


Completion of progress schedule, flow diagram, heat balance. 
Preliminary designs of system components, details of plant, site, 


per mitted on other ph ases 


Phase I. 

Phase Il. 
and safety plans. 

Phase Ill. Specifications and drawings for fabrication and construction. 

Phase IV. Fabrication and construction. 

Phase V._ Testing. 


Operating Personnel 


Building desiqn will be based on at least a 32-man crew. There will be a ?-mar 


Ope rating creu consisting ol 
helper, janitor and guard, 


training crews 


must be made for ten visiting engineering or technical trainees The cor 


will hy 


re spon sible for 


Supe rintendent, operator, technician, 


ear } consisting of the seven classific alions liste d above ‘ Pro 


MECHANIC, 


The re will be a director of training and two complete 


ision 


fractor 


training the Governime nt Ope rating crew, 





700-h1 
of the contract 
the contractor shall place the APPR 
in a condition acceptable to AEC 


performance test or expiration 


whichever first occurs, 


Six-month operating test. Upon 
completion of the 700-hr performance 
test, the shall make 


modifications and/or repairs indicated 


contractol any 
as necessary or desirable in the test and 
AEC of his 
proceed with the six-month operating 
test. 
more than 30 days following successful 


shall notify readiness to 


Such notice will in no event be 


completion of the 700-hr test. 

Upon notice to proceed, the con- 
tractor will bring the plant to power 
and continue to operate the plant for 
AEC- 


conditions. 


six consecutive months under 


designated load-demand 
During the six-month period the con- 
full re- 


efficient 


tractor will continue to bear 


sponsibility for the plant’s 
operation, service, and repair. 
During the six-month operating test, 
payments shall be made to the con- 
tractor as provided in the contract. 
Such payments shall constitute the en- 
tire compensation of the contractor for 
the this test. AKC 


reserves the final ae- 


performance ol 


right to make 


ceptance of the plant at any time dur 
ing this period, 

Delays due to defects. I! 
the performance of either the 700-hi 
performance test or the 
test, 
the fuel elements or control rods cause 


during 


six-month 


operating fabrication defects in 
the reactor to shut down and operation 


cannot be resumed by substitution of 
spares, and it shall be necessary to have 
further fabrication work performed on 
rods, the 


period shall be extended by the time 


such elements or contract 


required for the performance of such 


work. 


failure of fuel elements or control rods 


fabrication Shutdowns due to 


by reason of fabrication defects or 
otherwise, but where operation of the 
reactor can be resumed by substitution 
elements or rods 


of available spare 


shall be the responsibility of the con- 
tractor and shall not constitute a basis 
period, 


for extension of the contract 


Shutdowns due to failure of fuel ele- 


ments or control rods for any reason 
except fabrication defects shall be the 
responsibility of the contractor, even 
though further fabrication is required, 
and shall not constitute a basis for ex- 


tension of the contract period. END 
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FIG. 1. 


Arrangement of tank and rods 


By ROLF PERSSON 
1B Atfomene rq 


Stockholm, Sweden 


\ pIVERGENT. ehain-reacting 
cannot be achieved with a he 
ous mixture of natural uraniun 
ordinary water. gut with 
geneous system it might be 
Using theory (7) and allowing 
increased fast-fission effeet in 
lattices, a maximum theoreti 
for k of about 0.97 is ealeulate 
distance between rods of 4.7 em 
the rod diameter is 3.0 em, whic 
the only rod diameter availal 
account of the small distance | 
rods, the theoretical caleulat 
simple diffusion theory might 
siderably in error. 
experimentally, the multip 
constant of a medium ean be 
at least two ways In 
ponential experiments the 
properties (the buckling 
placian’’) of the neutron 
far away from the source is 
It is also possible, on the ot] 


integrate the neutron densits 


26 


Criticality of 
Water 


Uranium 


Normal 
Natural 


attices 


whole volume (core and reflector) in- 
cluding the source, and from this ob- 
tain the departure of the multiplication 
constant from unity (2). Both meth- 


ods were used in these measurements. 


Equipment 

Figures 1 and 2 show how 129 
uranium rods, each 3.0 ¢m in diameter 
ind about 2 m long, were suspended in 
i hexagonal lattice ina tank containing 
distilled water. The uranium) rods 
vere canned in 0.03-cm-thick alumi- 
num tubes. The distance between the 
centers of the rods was varied from 4.0 
em to 6.5 em in steps of 0.5 em. 

The tank was 1.2 m in diameter and 

n high Since the diameter of the 
uranium core was always less than 0.S 

the water reflector could be con- 
sidered infinitely thick. 

The neutron source in most cases 
and the detectors 


boron trifluoride chambers of 


Ub ¢ ol RaBe. 


Buckling was meas- 


a small glass chamber 1.0 em 


shapes 


iameter and 3 em in effective 


h; it was filled to 1 atmosphere of 


‘nriched in B'®.. The detector 


was joined to the preamplifier by a 
coaxial cable and protected by an 
aluminum tube. 

In the integrating experiment we 
used a brass chamber, 2.5 m long and 
1.5 cm in diameter, that integrated the 
neutron intensity in the axial direction. 
The detectors were centered with re- 
spect to three neighboring rods by a 
mounted at the end of the 


The preamplifiers were sup- 


triangle 
probe 
ported by a bridge, which could be 
moved in the vertical direction. In 
this way the vertical position of the 
detectors could be varied 


Material Buckling 


In ordinary exponential experiments 


the neutron distribution is meas- 
ured at some distance away from the 
source and the boundaries. From 
these measurements the material buck- 
ling, B An/n, is determined; the 
infinite multiplication constant, &, is 
obtained (to a good approximation 


from the formula 


B,,? VW? 
VW is the 
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migration area fol 





Multiplication constant of a hexagonal 


lattice of 3.0-cm uranium rods in ordinary 


water was determined as a function of 


rod spacing. 


an integrating method were used. 


A differential method and 


Maxi- 


mum value of k. was 0.970 = 0.015 


when rods were spaced 4.5 cm 


fission neutrons. In a eylindrical ar- 
rangement the buckling is a sum of a 
radial part, a?, and an axial part, —y?. 
If there were no reflector, the radial 
distance 


distribution at a sufficient 


om the source would be given by 
Jessel J (ar), 


2.405 /R and R is the extrapolated 
lius. The radial part of the buck- 


function where 


can then be accurately determined 
measurement of the extra- 


polated radius. Ina diagram showing 
| i function of the lattice distance, 
measured points would obviously 
iline loa R 


s the geometrical radius of the core. 


ibove 2.405, where 
) our measurements the radial part 
he buckling cannot be calculated 
nthe extrapolated radius because of 
rresence of the water reflector (see 
) Instead 

measurements near the center 

the influence of the 
If the neutron 


1 this region can be expanded 


we have calculated 


ore, where 


- 
negligible. 


1 Br? + Cré-—- ...(2 
to show that the radial part 
suckling at the center is 
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FIG. 2. 
direction 


a* 1B A (3) 
where A and B were determined by 
fitting the data to Hq. 2, 
method of least squares. 

For the lattice distances 4.0 and 4.5 


em, irregular fluctuations in the meas- 


using the 


ured distribution prevented determi- 
These 


fluctuations are probably due to irregu- 


nation of the radial buckling. 


larities in the lattice, since the uranium 
rods were not always straight and the 
method of suspension did not 
high These 


would become Important for small lat- 


allow 


very precision factors 
tice distances 
For intensity reasons the radial dis- 


tribution was measured at a vertical 
level where the higher radial harmonics 
had not decayed completely. Jecuuse 
of the contribution of these harmonies, 
measured values of | @ were lower than 
thev would be if only the fundamental 
experimental val- 


The 


core radius, R., and lattice spacing, a, 


mode were present 
ues of 1 @ are shown in Fig. 4. 
are related as 129 \/3 a®,/2 rR 

Far away from the source, where the 
radial harmonics have disappeared, the 
distribution decays 


axial exponen- 


a an a 
= : 
= 


BJ 
J ~ a n, 
o— 


Bridge-mounted preamplifier was movable in vertical 


tially with a relaxation length L The 
Fig. 5. At the 


level where the radial distribution was 


results are shown in 
measured, the presence of radial har- 
Irom 
The 


in this plane is 


monies resulted in) deviations 


a purely exponential behavior 
axial buckling, : oe 
somewhat larger in magnitude than the 


value IL 
exponential 


which is valid for the 
distribution. L, 


are given in Table 1. 


and y? 


Because the extra absorption in the 


detector changes the multiplication 


constant, the measured distribution 
will not be exactly proportional to the 
However, caleula- 


this 


undisturbed one 


that 


negligible in these experiments. 


tions show influence was 


experimental results are collected in 
Table 1. Values of M 
ate k from Eq. 1 have been calculated 


used to evalu- 


by means of diffusion theory and are 


‘ 


probably correct to within 5% 


Integrating Method 

In this case the neutron source was 
placed in the middle of the tank, and 
density integrated 


the neutron was 


Production 
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over the core and reflector. 
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FIG. 3. Neutron distribution for different lattice FIG. 4. Experimental values of 1 a@ as function of lattice 
spacings spacing 
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Differential method 


-Rod diameter ntegrating 4 


oO 
ation Constant 


vurve is theoretical 











ur 
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Lattice Spacing, a (cm) 
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Relaxation Length, 


Lottice Spacing,a (cm) 




















FIG. 5. Relaxation length as function of lattice FIG. 6. Multiplication constant as function of lattice 
spacing spacing 


rate of neutrons must equa 


rate, and thus 


VY. + 60 
r é 


where @Q source . 
. OUurce now integrate the diffusion 


) multiplication fact ! 


» quan- 
the slow neutrons in the ea 


neutrons due to fast iluated from the measurements. 


over the volume, we obtain 
of neutrons slowed doy harman ‘i sp pel ——— 
energy per unit volume (1 , D6 dl 

bt) net leakage of ; ; 
= refiector vo core : i > gd d\ T | qd \ \\ ») t mean 
P resonance escape probab } : i Boner Revedigaee 


dices ¢ and r refer he re and 6 the following relations at velg 1 according to the cell’s flux 


to the reflector res pec I | rif which can be calculated 
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by diffusion theory. In the experi- 


ment, the neutron density in the core 
Was measured at the midpoint between 
three neighboring rods. The integral 
integration of a 
through 
and the result was then multi- 


\ Was obtained by 


smooth distribution these 
points 
plied by the ratio between the average 
ind the 

Wit 


integrating over the total volume 


maximum flux in the cell. 
the uranium rods removed and 


[‘S.o¢dV ZaN. (10) 


index “oe” for this calibration 


Uusih¢ 
mesnsurement. 


remember that 2, » 


Eq. 5 


If we 

can now be transformed to 

VY) 
\ 


\ 
— 
D,27rR an 
l1—p) (1) 
pa i Ot toa 


?) the leakage of slow 


But in our 


s\ 


pP 


In reference 


neutrons is neglected.* 
measurements this effect is not negligi- 
ble for the most compact lattices. 

The fast-fission multiplication Y of 
the source neutrons was calculated 
using certain simplifying assumptions. 
The aver 


primary 


age fission cross section for the 
Ra-Be neutrons was estimated 
as 0.63 barn, and the elastic and inelas- 
tic cross sections were taken to be the 
namely 1.5 
The 


resonance escape proba- 


for fission neutrons, 
2.47 


the 


barns respectively, 
ealeulated according to 
‘nin reference (1) 

of the inaccurately de- 
and 


ry between core 


source of uncertainty in 


ntegrating method when it is uap- 
We 


have taken this boundary to be a circle 


i heterogeneous system. 
enclos ng an aren corresponding to the 


ives times the number of rods 
gradient dn, dr was obtained from 
the measured distribution in the 
reflector 

The 


is based on assumed 


given in Table 2. 
in fk 
errors of 10% in N,, &,,... (Y — 1) and 

Che error in N, 10%) 
corresponds to an uncertainty of | em 
The 


is estimated to be 


Results are 


uncertainty 
also about 
n the position of the boundary. 


radient on or 


t within 20% 


The final results for the multiplica- 
tion constant can be expected to he too 


by about 0.5% ol less, due to 


ilso Was forgotten in letter 


Nature 174, 265 (1954). 
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TABLE 1—Multiplication Constant from Measurements of Buckling; B°,, 


ae 


B? VW? 


(107-4 em-? (cm?) 


970 + 0.020 
915 + 0.020 
840 0.020 


76 + 0.08 








TABLE 2—Multiplication Constant by the Integrating Method; 


Yo = 0.0215 cm 0.16 cm 


,and D 


0.160 
0.121 
0.095 
0.078 
0.066 


0.69 
0.79 
0.84 
OSS 
0.90 





leakage from the top and the bottom 
of the arrangement. However, this is 


within the errors of the measurements. 


Discussion 

Experimental values for the multi- 
plication constant obtained by the dif- 
ferential and integral methods are 
compared in Fig. 6 as functions of the 
lattice 


agreement. 


spacing. They are in good 
Also shown in this figure 
theoretical curve, calculated by 


The caleulation 


is a 
diffusion theory (1 
accounted for fissions produced in one 
rod by fast neutrons originating in the 
adjoining rods as well as in the same 
rod. For the small lattice spacings ol 
the present investigation, this results 
in a substantial increase in the effect of 
fast fission (€ was calculated to be 1.08 
for a spacing of 4 cm 
The differential 


straightforward 


method ts 
the 
method for measuring the multiplying 


more 
than integral 
properties of a chain-reacting system. 
In the integrating method one has to 
apply several corrections to the meas- 
ured quantities, and it is very difficult 
to estimate the errors in these correc- 
tions, which are found theoretically. 
When we only want to find whether k 
is smaller or larger than unity, we have 
to compare just two measured quanti- 


ties in the differential method (a? > y? 


that & > 1, and a? < y* that 
But with the integral method 
and 


means 
G< 9D, 
we have to calculate the factor Y 
the 


before any Comparison can be made. 


resonance escape probability p 

The rod diameter in this experiment 
was fixed by practical reasons and is 
probably not the optimum. Thus it is 
still an open question whether a self- 
sustaining chain reaction could be 
natural-uranium 
While it is 


possible to increase the accuracy of 


made to work in a 


ordinary-water system. 

small-scale measurements somewhat 
that of the 
seems doubtful whether the question 


over present results, it 
could be settled definitely except by a 
This 


large 


full-scale critical experiment. 


would, however, require very 


amounts of uranium (around 300 tons, 


if k were 1.01). 
* * * 


The author is indebted to the director of the 
physical department, S. Eklund, for allowing 
this work to be published, to G. von Dardel for 
valuable advice and stimulating discussions 
and to K. Wirtz fo 
method. I also wish to express my gratitud: 
to E. Blomsjé fo 
and to P 


suggesting the integrating 


the mechanical construction 
Holmén for technical assistance. 
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Isotope Production: 





How to Choose Irradiation Time 


Rate equations are well known in chemical kinetics. Radioisotope production 
involves similar mathematics. Rigorous analysis of the general 
rate equations governing isotope production and decay is presented, 


with usage shown for the cases of Au’, Au'”’ and Tm'"" 


By WM. BRADLEY LEWIS fo ~ (0), the constants take o 
llomic Eneray Division t 

Phillips Petroleum Compa 

Idaho Falls, Idaho 


Iv IS THE PLAN of this article 

sider reaction kinetics as 

isotope production. The case of first here the product in the denominato 

order products will be treated exter ides all differences except (/ 

sively Application to two peci fie his follows readily from Iq. 1 

problems will then be presented nduetion for all constants except those y ) Clear] h I lunetion 

Since 2, Vanishes for ind its first derivatives vanish 

General Rate Equations have the additional require- when ¢ clearly defines the 

mant +1 rane ( sing In the expan- 


\lso, it 


A series of reactions starting 
substance that is transformed 
second substance that in turr 
formed into a third, and 
seribed by oa sequence ol 
equations. It is assumed t] silicate 
f each transformation is | 

enutions in 


to the amount of the subst 
TOriail ANALYSIS 
al meanings. 


gomg transformation and t } = pa 
ressed P 
teristic reaction constant 


hysic 


t 


dt 


These equations have 


solution 
a] 


If as a boundary econditi: ( ‘ ( " alu of posit ol nt for the decay otf a sub- 


quire that at time ¢ I It nstru nad { oob tH stance na using the components tor 
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FIG. 1. 


forma constants of the various 


bran s of the ehain 


First-Order Products 


Most radioisotopes produced by in- 
first-order prod- 


this 


pil diations are 


The equation describing 


re convenient to treat this 
we transform the 
ible to wu kit 


inde- 


and set 





Gold Irradiation 


Capture 
prod ict 
half-l fe 

days) 


5 


aS OOF 





Calculated Values 
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Maximum isotope concentration and function 
u* vs ratio of formation to destruction rate constants 


FIG. 2. 


Fraction of maximum yield vs fraction of time 
required to reach maximum, for 


various values of the 


ratio of formation rate to destruction rate 


ri bye COTES 


)) 


For all value thie correspond- 


Ing value Ol a I vhere 
10 


Significance. Thus there is a defi- 


nite value of uw that maximizes a 


This value u*, and the corresponding 
value 2x*, are only 


functions of 7r 


Figure 1 plots u* and 2* vs r. The 


function x, thus has a typical forma: it 
starts at the origin with an initial slope 
r, reaches & maximum ; / ui” 
and 


Fig- 


undergoes an inflection at u 2" 
vanishes when u becomes infinite 


ure 6 illustrates this behavior 


Yield Fraction vs Time 


expressions have been derived for 


* 


the maximum yield ind the time, 


maximum, 
* 


t*, required to reach the 

(Equation 9 is actually for w* which is 
proportional to ¢*.) From a practical 
satisfied 


with a less-than-maximum yield which 


point of view one is usually 


ean be reached In considerably less 


time. In order to establish a relation 


helpful in this problem, new variables 


are useful 


These 


and represent respectively the ratio of 


\ irinbles are dimensionless 
vield at a given time to the maximum 


vield, and the ratio of time to the time 


required for attaming the 
\ plot ot 


desired relation. 


maXimnum 


vield, / against & gives the 


11) 
Direct substitution in Eq. 11 
svinmetry 
(g With 
more difficulty it can be shown that for 


show Ss 


an unsuspected relation 


ie | (Er somewhat 


values of r l, y(é&r+e > (Er 


¢ 
¢ 


These relations have Important prac- 
For it 


the fraction of t* 


tical applications. given value 
of the parameter 7, 
required to reach a desired fraction of 
the maximum vield is given directly 
Moreover 
this 


would he 


it has been established that 
than it 
This 


follows from the fact that all curves in 


fraction is always less 


for r equal to unity 


the r-family lie above the curve for 


(12 


tained for r 


IS ob 


O.55t* : 


example a 
0.0] 


VO", yield 
when ¢ 
whereas if r l, 


O.75t* 


the same yield re- 
quires f¢ 
It is 


significant 


that the 


Rules of 


31 


well to emphasize 


parameter is r 
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FIG. 3. Formation of Au and A 


n cm sec 


thumb based o 


atl 


such as the product halt 


helpful at times, 


to give satistactory 


in not 


“nswel 


Production Applications 


The preceding develop 


tablished the laws 


mation of a first-order rea 


rovernil 


+ 





( multiply 


Curie - equivalent- gommas/gm 





= 


L000 





FIG. 5. 


spotted 


Maximum Tm activity in curie-equivalent-gammas 
gram vs irradiation time to produce maximum, with flux values 





Formation of Au and Au in flux of 10'' n’cm® sec 


In 2 
] 
values of of 


0 


Or 


It is at once evident that the time 
dependence ol product material Im a 
high flux is quite different from that in 
a low flux. It is also evident that 
indefinitely increasing the flux will not 
increase the product bevond the value 


determined by r O10 
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ld be noted that if the product 


cross section, the limiting 


can become quite large. 


it is not permissible to as- 


ligible product cross sectior 
tuse there is no informatior 
It is not likely that the 
pear to be the case, it 
ito investigate the produ t 


l 


ill greatly exceed unity. 


! ples will be chosen to illus- 


int points. 
ition of 
product Au! and the 
er product Au!%, 
ws well the dependence of 

lation on. flux, 
the second-order product. 

nd example is the formatio1 


from Tm 


The first will 


Au'*? to form the 


This ex- 


particu- 


This subject is 


nterest in view of the pro- 


ts. Since high specifi 


for portable radio- 


ire re quired this also serves 


te the higt 


desirability of 


neutron fl 


Irradiation of gold. The physica 


en in the table (p. 31) 


ire gn 
he following are 
i flux of oO 10'* n 


Au 


S.20 10-*@ day 


Au 


0.257 


decay to He wo 


0.3260 ‘day 


day 


neutron capture) 


0.257 + 0.3260) ‘dav 


0.220, day 


ises will be considered; @ 
is typical of the X-10 reactor 
| as typical of the MTR 


i 


j 
i 


caleu- 


Cin sec. 


The table shows a summary of the cal- 


ulated values. From them, these 


equations are derived: 


X-10 Reactor 


V TR Re actor 


1.405 (¢ 


0.583) x 10 


"9 
L.3i.e-°- 


- 3.47 o*-™) xX 


» 


e 


3 


The curves for these equations are 


shown as Figs. 3 and 4 
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activity is given by 
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Specific Tm'’® activity vs irradiation time with flux as parameter 


Irradiation of thulium. As we have seen, ¢* j t luncetion o 


stants involved are give lov flux and ky; actually, for thulium 


Tm ~~ @ 


cm { 
k 1.035 


120 barns : 37 z 
~ In (O.19025@ 
1.0350 


129 days 


10 


An illuminating graph is obtained by 


plotting a* against ¢* and spotting 


According to the decay scheme of 
Tm!”, 0.1 of the ac tivity 


of S85-kev 


sufficient values of @ along the curve to 
The 


, t* relation indi- 


is in the form permit easy interpolation hune- 


gammas, So the specilic tional form of the a* 


that 
used, as this is 


should be 
The 


relations 


cates a semilog plot 


a HO00xr a straight line. 
combined flux, time, activity 

curie-equivalent-gammas/gram, where — are shown in Fig. 5. 
Actual formation curves for several 
flux values are shown in Fig. 6. From 
that 


can be stopped considerably before the 


these it is apparent irradiations 


The 


given by the simple formula 


maximum specie activity is 
maximum is reached, because the rate 


; - of increase is slow as the maximum is 
a* HO0e 


ap proached. 
HOVE PI 


The flux 
curves are representative of the range 
of effective fluxes that 
countered in the MTR. 


values chosen for these 


which relates the maximum specific ac- 
en- 


tivity to the time required to reach the might be 


maximum. 





NEXT MONTH: 
Hot Labs 


Over 30 articles on equipment, facilities, and techniques for work- 
ing with radioactive materials, coordinated in a Special Report. 


Annual Buyers’ Guide 


Complete up-to-date listings of manufacturers of instruments, 


equipment and materials for the nuclear energy industry. 
Both in the November NUCLEONICS 














Film Badge Dosimetry: 
How Much Fading Occurs? 


Latent-image fading, sometimes large, varies widely with emulsion type. 


Grave errors 


in radiation dose vs film density readings can result unless adequate corrections 


are applied. 


By WILLIAM L. McLAUGHLIN and MARGARETE EHRLICH 


National Bureau of Standa 
U.S. Department of Comme 


iW ashington Pp. € 


LATENT-IMAGE FADING latent-image fading is predom- 


periods up to eight) day a chemical process, initiated by 


studied for six photographi mosphere surrounding the emul- 


types. The results can be described ! For example, experiments by 


nuclear track emulsions 
io established that for the 
studied at least 90° of 


ack fading was caused by the 


by equations giving fading 1 rag her on 


time for different exposures of eat tored in vac 


emulsion gut before the pi x mulsion 
periment can be considered revi proton-ti 


of latent-image instability is needed chemical influence of certain atmos- 


components (2). Jelser subse- 


Image Instability 


Whether formed 
visible light, X- on 


or high-energy corpuscular 


\ developed a theory attributing 
by the t part of the residual 10% fading 


gamma io to the thermal (physical) ejec- 
tf electrons from the latent image’s 
the photographic latent im 

stable In 


growth of the latent image is ol rved nd physical 


some instances i sligl : relative Importance ol chemical 


causative agents prob- 


immediately after comple I D | I liffers lor various types of emul- 


exposure; the growth is tl | xplanations on an entirely 


by a more or less pronounced tel | il basis have been give 


image fading 1 rate-dependent fading « 


Iver since latent-image emulsions to visible 


fading were first observed Col v-i! sity reciprocity-law 
the fact (5) that along 


arisen concerning thei natuy nha tf I track Ina nuclear emulsion more 


siderable amount of specu mm | / so for 


no means has there been agree nt o1 { ! ecurs at the beginning 
the mechanisms involved s ft ow specific ionization 
probably in part due to the fact ft t end igh specifi 
different 
with different tvpes of emu 
different « 


lonization 
Investigators hand, the chemical 
ast a large portion of the 
considerably 


marent in exper:rments 


However, it is 


34 


how gener rree the de] ndence of latent-image fad- 


Semi-empirical equations relating fading to storage time are presented 


on the type processing (6, 


hemical nature is also revealed in 


the latent 
higher 
ture 
with hi 
trations 


image fading increasing with 
oxvgen and 
Dex reased 


itmospheri Mols- 


) 5 y 


fading 


rher bromine-ace eptor concen- 


in the grain’s immediate sur- 
roundings supports a chemical fading 


mechanism. Chemical action is also 


revealed by fading being largely con- 


fined to the surface of the emulsion’s 
photosensitive units, increasing sharply 
reusing silver-h ilide 


“V ith 


with dee grain size 


10) and particularly size of 
rspeck development centers within 


1] 


Nuclear track emulsions. (uan- 


Ve results obtained by vrain- 
easurements of nuclear track 
lend themselves 
to mathematical formula- 
oppens (12) describes his ex- 
data by an empirical 
ssentially a 
Beiser 11 


consideration the 


that follows « 
distribution 

physical 
nature of the phenome- 
relations are 


that the 
set of constant 


semi-empirica 


the assumption 


nal to the num- 


opment centers present at 
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Rodiographic 
film A 
i 


005-6r 


Contoct 
printing 
poper 
O2u 
1,000- 
10,000r 


Cine- 
positive 
+ film 

O3p 
20-600r 


Rodiotion 








monitoring 
film 

Olu 
1-507 


Oeeeee 





Rodiographic 
| film B 
LO 





Ol-8r 





| 
>| 





film 





0.05 





Spectroscopic 


1,000-10000r | 








LATENT-IMAGE FADING vs storage period for the six emulsions tested. 


range for Co®” gammas is shown for each film 


vonential decay, the constant 


This assumption leads to 


ment 


conditions. 


in 


being dependent upon 


Beiser then deter- 


mines this constant with the aid of the 


laws 


of 


reaction 
the 


ition 


of latent-image 


kinetics, 


temperature 


taking 


fading, 


into 
de- 


as 


= the effect of surface adsorption 


ind water from the surround- 


sphere 
et ai. 


d alpha 


q 


working 
particles, 


with 


deduce 


experimental data that the 


the 
r alter 
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original grain density 


a time ¢ is proportional 


, Where the constant c depends 
the the 
constant n on the relative humidity. 


Need for Study 
The 


radiographic 


to 2 


on specific ionization and 


commercial 
film 


and gamma radia- 


extensive use. of 


and photographic 
tion necessitates the interpretation of 
film that 


jected to extreme conditions of tem- 


for monitoring 


densities in has been sub- 


perature and humidity, and whose 


processing mav be delaved for several 


davs, or even weeks, after exposure. 


Investigation of commercial  radio- 


graphic and photographic emulsions 


Approximate average grain size in microns and useful 


by measuring the diffuse optical den- 
film 
the 


fading process are the objectives of the 


sity of conventionally processed 


and quantitative description of 


following sections. 


Fading vs Storage Time 
the 


some of the commer ial emulsion ty pes 


Selected for experiments were 
most generally used in photographic 
dosimetry. Individual film strips (pa- 
per strips for specimen 3) were exposed 
to X-radiation produced at 150 kv con- 
stant potential. 

revenled 


Preliminary studies had 


that a change from this X-rav source 


35 





With 3-mim aluminum e 
herent filtration only to ( 
radiation did not produce 
changes in fading characte 
this reason total exposure 
or different emulsion types 
heam filtration, and theref 
rather than exposure time 
it possible to use 
posure times (less 
exposures within 
each emulsion 
The exposures 
| procedure at con 
during an eight-day 
time all samples were 
taneously and then 
sion densities determin 
of a photoelectri 
processing, Kodak 
as used 
Bet ween expos 
ny thre sauples 


temperature (25.5 


12 + S% relative hum 
tempt was made in the 


to determine the Pisa rigee 
image characteristics wit! 

Results. The illust: 
35 show the change 
observed in the six teste 
film types.* Photogr 
Is plotted is a tunet 
elapsed between exposure 
ing The points represet 
experimental data, while tl 
obtained from the empiri 
to be discussed later 

The extent of fading is quit 
for the different emulsi 
specimens 2 and 4 sho 


fading after a short 


period, while for the other et 


fading remains apparent 
the observation period 
actually shows a density 
about one-half over the 


storage period. 


* One film 
liminary te 
growth prior 


omitted fror 


is positi 
onstaunt 7 s 
Specimens 
density 


S1ODSE 
Ope, 


+} 
l it 


density 
constal 


S1loOnL ACCOrall 


constant 
characteristics and 
ind the constant 
nitial film density 
on 2 was used to describe the 
ed fading quantitatively As BIBLIOGRAPHY 
pecimens were neve! processed I h, Phys. Rev. 31, 241 
Rev. 76, 
80, 112 


itely after exposure, the short- 
ige time having been 30 mu 


2 was used in the form 


When Was This Written? 


Fg was in 195 > wher 


into the sphere of Indust 


fo re place the sleam er 


energy induced radio-acti / 
and its first gene ral use was 
jenerating sfations. 


hs] 
1 


t Free,”’ publis I \. | Phys. Rev, 81, 153 
» | I Compt. rend. 227, 61 (1948 
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Does Irradiation Induce 


hea, 2? 
ae: 


S* Radioactivity in Food? 


Negative results obtained with irradiated samples of 24 elements 


that occur in food indicate that induced radioactivity is no problem 


in food sterilization. 


precise scintillation counter was used for measurements. 


Kilocurie cobalt-60 source provided radiation; 


Extending 


this work to include irradiation with higher-energy fission products 


is suggested to insure absolute safety 


By W. WAYNE MEINKE 


Dep ent of Cher fry and 


that 
food 


ASSUMPTION | Is 
ww oravs used for 
and chemical processing 
radioactivity. This as- 
s based on irradiated mate- 
when tested 
But 


amounts of in- 


ng no activity 
radiation monitors, 

ises, small 
ctivity could be 


easily over- 


cause background radiation 
measurements. 

great effort is being expended 
with 
it was felt that some 


loping food. sterilization 
idiation 

limits for the amounts of 
d activity should be determined 


This 


such 


erimentally article is the 


report ol measurements 

ide in an independent experimental 
program. This program resulted from 
discussions at the Symposium = on 
Radiation Sterilization of Foods, June 
2, 1953, at Massachusetts Institute 
f Technology. It is not designed to 
limits of various 
limited to 


within the limits of avail- 


evaluate tolerance 


activities in foods, but is 
determining 
able detection, the amount of activity 
induced in a number of elements by 
gamma rays from cobalt-60 and, later, 


from gross fission products. 
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that 


an induce low levels 


A literature search indicates 
X-rays definitely ¢ 
of activity in 
1.1-hr 
X-ray excitation was first reported in 
1939 (1 shown to have a 
threshold of 1.2 + 0.1 Mev for its 
?). Later, it 


certain elements. <A 


indium activity resulting from 


and was 
production found 
that lead (3) 
could also be produced by X-rays with 
Wiedenbeck 
these 


Wiis 


/ 


and silver activities 
energies up to 1.5 Mey 
5-7) studied the excitation of 
such as rhodium, 
In each 


and other elements 
cadmium, gold, and krypton. 
case, the ground-state isotope Was 
excited to an isomeric state by the 
X-radiation. The 
caved according to its characteristic 
half-life and 
Table 1 (8). 

Guth (9) has 
excitation is 


isomer then de- 


shown in 


energy, as 


that X-ray 


a “line absorption,” in 


shown 


which X-rays of only a narrow energy 
range will induce the activity. It was 
found that the radiation widths of the 
lowest nuclear activation levels of lead 
and indium are of the order of a few 
Hence, in the continuous 
1.5-Mev X-rays, 
about 1 in 10° X-ray quanta has an 


millivolts. 
spectrum of only 
energy capable of inducing activity. 
Guth (9) reports that Goldhaber, Hill, 
and Szilard irradiated indium with the 
gamma rays from 0.5 gm of radium 
without producing any activity. Since 


it is known that the energy of these 


gamma rays is suflicient to excite 
indium, the absence of activity 
attributed to the fact that none of 
known gamma-ray energies fron 
dium is equal to the energ, 

level The prob 


ability of excitation is therefore small 


indium activation 


and Guth concludes that only irradia- 
tion by a continuous X-ray spectrum is 
likely to lead to a line absorption. 

The advent of multikilocurie sources 
of cobalt-60 and eventual megacurie 


sources of fission products makes 


available gamma-ray intensities many 
orders of magnitude greater than that 
from 0.5 gm of radium. Furthermore 
the thickness of these sources tends to 
“smear” out the energy of the emitted 
gamma rays so that the gamma-ray 
energy spectrum is no longer composed 
of sharp, nearly monoenergetic rays 
but approaches a continuous spectrum 
instead. This spectrum should then 


be nearly as effective in’ inducing 
radioactivity as the continuous X-ray 
Indeed, Harbottle (10) has 
recently reported activation of indium 


with cobalt-60 


spectrum. 


and cadmium isomers 


gamma rays. 


Equipment for Tests 


Even though a slightly less than 
10-kilocurie cobalt source was used for 
the present tests (17, 12), the literature 
indicated that if any activity was in- 


would be low 
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duced in a sample it 








TABLE 1 — Nuclear Data for Isomers 


Hal} 


O7 min 
14.55 sec 
So 6 min 
1.50 he 


7.4 sec 


OS min 


TABLE 2 Trace Elements Contained in 
60 Ib of Beef (/.3 


V 


0.040 ‘ 0 OOOO] oO 0 OOOOL4 
0.094 ‘ | ; 0 OOODG 0 OOODOOS 
0.150 ‘ : 0 OO2Z5 lt 
0 246 ; 0 QOOD03 1.7 
0 OQOOOO2 0 OO0068 
0 OOO4S y 0. OOOOLS 
Is 0 O306 0 40 
i 0 OOOO] 0 OOOOO2 
NI 0 OQOO002 n O O45 


\ly 0 YO4 





enough to require a& sensitive 


This would hold even for 


posed for two weeks at 220,000 rep 


(about 5 & 10! photons em? ‘se 
In addition, Table | indicates 
X-activated nuclet usuall 
gamma-ray emission, Thus 
nary Geiger tube, having a gat 
counting efficiency of only 
would be ineffective. But 


able scintillation well counter 


counting efficiency of about 43% 


cobalt-60 gamma rays and about 
for those of iodine-131. 

This well counter consist 
diameter by 2-in. thick 
thallium-activated sodium iodi 
with a Dumont 6292 (K-LIS6 
multiplier that feeds a 
register. A %,-in. hole 
1',-in. deep in the center 
and the entire crystal w 
1eyo-in. aluminum. 

Samples were irradiated 
in test tubes, 1.6 em. in 
15 em long that just 
counting well. To insure 
detection sensitivity, at le 
sumple was placed in the 
so that the well was complete! 

Because of its large 
the counter had a higl 
counting rate. But 
counter in about 4 in. of 


background to about 300 
rensonable statistical opr 
l-hr counts both for bael 
sample The “9 10’s¢ 
1.2°% for such a determi 


( 


Indium Activation 

To show that the col 
actually could produce g 
vation, indium was irradi 


felt that if the source 


38 


muitaneous 
be indium 
\ test tube was filled with about 85 , Tr and counted 
indium and irradiated in a flux possible by rapid manipulation to have 


on of about 220,000 rep, hi arly a sample in the well counter 40-45 see 


ituration of the 4.5-hr activity after irradiation. Activities with half- 
} 


counted thie sample 1O/ liv , short as 20 see could have been 
t ibout 10 times the well- detected if formed in even one-tenth 
ounter background the yield of indium. But, using 
The activity decayed with 4.41-hr  20-min counts, no activity greater than 
fe, with a 9/10’s reliability factor 5% background was found 
0.05 hr. This value agrees with In a second set of experiments, sam- 
cepted values for In!!™, ples were irradiated in the high-flux 
A rough attempt to evaluate well- position ol the source at a flux level of 
sunter efficiency gave a value of about 220,000 rep/hr tor about two weeks. 
the In'!6™ gamma rays The s imple s were then removed indi- 
evaluation of self-absorption in and counted Results were 
wdium metal indicates that about compared with a background count 
1,000 gamma dpm gm of indium were taken the same day and also with 


ly irradiation. or roughiv 4.5 blank ple count taken before irradi- 

i dpm/gm indium per 1,000 ation. One-hour background counts 

saturation flux. Harbottle re- fluctuated +1% over the three-week 

n order-of-magnitude value riod of the measurements 

the cross-sectio from back- 

iit-60 gamma rays (1 ground tf more min ; (one 
um chloride 


Food-Element Tests 


\leat one product for which radia- $round This 1 attributable 


was two-thirds higher th: 


terilization may be particular natural radioactivity, since the blank 

suited Ones the work VI <M gave the same count as 

established that induced actis irs ted sample. Increased 
detected, trace ments ! radiation was also found in the 


metal-powder sample But 
not deen Vel 


weeks 


nminatiol 


Extension of Tests 
These studies substantiate 
no detectable radioact 
n 24 elemental food constituents 
tha multi 


OO source Howevel 


he test tube, about 300 
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iluminum 
it is detected. 


Cusing of 
This 
detection of gamma rays less 
30 kev or of 


Irom highly 


fore 
than about most 
electrons con- 
ma rays 

field indi- 


elements having isotopes 


this 


vy work in 
tivation decay with such 
itions, a desirable extension 
sensitive 
weakest 
self-absorption o1 
effects. A 


iquid-seintillator volume 


use a 


the 


rk would 
detecting 


wit 


rut 
thsorption rela- 
carbon-14 
14-16), 
sensitivity. 
the 
mutual 


ised in low-level 


tracer work 
the required 
problems of dissolving 
nd scintillator im oa 
er, add difficulties 


vould, howey 


1 
ipproncl 


was further lim- 
a cobalt-60 
1 .33- 1.13-Mevy 


Commercial methods ot 


present study 
source 
and 

probably 


ization will use 


ssion products, with gamma 
depending on fission-product 
energy of neutrons that 


The 


from. particular 


pro- 


the contribution 


fission 


vdint 


id fission- 


ons 
duct isotopes has been presented as 
for U 
Hunter 
i work, it ( 


ot the 


thermal- 
Ballou 
he 
gama rays 
to 

But 


funect on ‘ ue 
and 
an 
it mans 
lower 


energies equal or 


of cobalt-60 small 


higher-energy gamma 


present oatter fission 


aged a few weeks o1 


the 


mive 
lhus 


fission-product 


energy spectrum 
SOUrces 
it an energy much higher 
obalt spectrum 


X-ray 


imber of elements could 


Curt work showed 


be 
between 1.5 and 


energies 


the experiments reported 
repeated with kilocurie 


on-prodtuct sources, 


od activation study, other 
sample activity must be 
One of the elements tested 
a low-abundance 


issluim, fas 


it is naturally radioactive 
e with our apparatus. 
iso often oecurs to 


radium 

in many materials. 
has reported a highly 
determining ra- 


\ 
by 


( method tor 


ntent of common foods 


Vol. 12, No. 10 - October, 1954 





TABLE 3--Form, Source, and Weight of Test Samples 


Aluminum 


soron 


‘alenum 
‘arbon 
‘hromium 
‘obalt 


‘oppe ! 
[ron 


Lodine 
Lead 
Magnesium 
Manganese 


Moly bdenum 


Nickel 
Oxygen 
Phosphorus 


Potassium 
Silicon 


Silver 
Sodium and 
chloride 
Sodium and 
fluoride 
Sulfur 

Tin 


Zine 


* Listed weight is the ar 


Metal t 


Crraphite 


irhing 
flakes 
Nik t il powder 
Metal powder 
Met 


il pe llets 
Metal powder 


Crystals 

Metal findings 
Metal powder 
Metal powder 
Metal powder 


Metal shot 
ALO 
Nil 
Ix 


HPO, 


Powder 
Metal powder 
NaC] 

Nal 


Roll 
Metal granules 


Metal granules 


runt 


used in the irradiation 


B& A 
Fisher 
Charles Hardy 
Old Kahlbaum 


material 


Mallinckrodt 

Mallinckrodt 

Dow 

Charles Hardy 

Primus Chemical 
Co 1o12 

Mallinckrodt 

Harshaw 

Mallinckrodt 

General Chemical 
Co 

Fairmount Chemical 
Co 

G. Frederick Smith 


Merck 


General Chemical 
Co, 
10.6 


of material contained in the bott« 


Re 


High purity 


Student prep stall 


amt. of chem, con- 
tamination 


Reagent grade 


C‘ontams SOT chlo- 
rick 
Standard = laboratory 
grace 
Standard laboratory 

grade 
Analytical reage 
Analytical reage 


High purity 


Analytical re 


iptt 


Analytical reagent 


Reagent grad 
Reagent grade 


Analvtical re igent 


R agent gr vce 


C.P. 


mm cm of the t 





de-emanation 
tested 
0.74 to 6.5 


foods 


ol starting material 


about 10° 


about 2 10 


In the 


purity samples reduced the possibility 


ot such 


eareful background blank counts were 
taken on each sample and compared 12. L. I 


with sample a 


This stud 
17 (11-1)-1 
Commission 
Chemical Co 
made arava 


; 


chemistry grant 


fell within 


present 


contamination 


found 
the 


107'? gm radium per gm 


microcurie of radium 


dpm. gm of food, 6. M.1 


study 


ctivity alter 
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use 


addition, . E. Gt + hy Re 
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FIG. 1 


electrons 


Electron Energy 


Cross section for the production of 0.2-Mev Compton 


FIG.2 Theoretical photon distribution produced by a filtered 


3-Mev X-ray machine, normalized to correspond to a dose of 1001 


Distributions 


Produced by Gamma-Rays 


Here are tables that enable one to calculate the distribution of secondary- 


electron energies in gamma-ray irradiated materials. 


Applications to cavity 


measurements of ionization and to radiological problems are discussed 


By H. E. JOHNS,* J. E. TILL, and 
D. V. CORMACK 

De partment of Ph {SU 

University of Saskatchewar 


Saskatoon, Saskatchewan, ¢ 


\ DETAILED KNOWLEDGE ¢ 
ot the ele 


material 


and energies 


motion in oa wl 


radiated by a continuous s} 


X-rays is very useful. Caleulatio 


energy abstracted from the | 


absorbed by the materi 
jonization produced in a cay 
the 


knowledge. 


material, all depend 

Applications of 

culations are described elsewhe 
Tables hat 

possible to calculate the in 

ol 


an element 


are presented t 


] 


distribution tha electrons 


motion in 
either monoenergetic radiation 
tinuous spectra. 

After 


being set 


* Physicist to the Sa 


Commission 


40 


of differing energy proceed 
ut of the which 
ginated through 


ibsorbing material, losing energy at a 


they 
the 


volume in 


and travel 


ing rate, until thev are brought to 


rest It 
ne the electron flux passing through 


is usetul to he able to deter- 


in element of area at any point in the 


From the initial volume 


the 


rons passing through an element 


itel al 


listribution energy distribution 
t t*¢ 


irea is caleulated in this article. 


Initial Distribution 
set motion 
irradiated material by Compton 
ind 
ta- 


energy 


Klectrons are in in 


effect, pair and triplet production 


photoelec tric effect. Two sets ol 


the 


here give 
V(E;) dl 


n motion by these processes 


presented 
stribution electrons 


One 


ot 


tables is for monoenergetic 


s, the othe r tora continuous spec- 


The y-ray 


S00 key 


t radiation energy 


= in three ranges: 0 the 


X ray 


generator range; Q-4 


ven- 


net essible with electrostath 


and 0-30 Mey 


\ey 
erators the domain of 
betatrons and linear accelerators. 

All tables the 
electron of the absorbing material. 
The first 
the 


first 


rive cross section per 
Monoenergetic radiation. 
Tables 1, 2 

photon 


vives 
the 


electron-energy 


row ol and 3 


crete energies ; 
the chosen 
The 
ive the 
on for it to be 


values in the body of 


y cross section per 

set in motion with 
in the indicated interval. 

lor ¢ Table 


ISO-key will, by 


} 5 5 


1, one 
the 
10 


xample, trom 


photon per cm 
set 

with 
tween 30 and 40 kev per electron of the 
To the 


em 


( ompton 


prod ess 


] 
electrons in motion energies be- 


material find number pro- 


pel one multiplies this 
» by the number of photons pet 
electrons Der 


ind the number « 


| 
, , 1 
material which for water Ss 
10 


energy a photon ean 


* maNimum 


in electron is shown in the first 
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ine under the corresponding photon Data for Computing Initial Electron Energy Distributions 
energ\ For example, 100-kev pho- 
tons cannot produce Compton elec- TABLE 1 E, 0-300 kev, Compton Electrons 
trons of more than 28.1 kev. 

Electron Photon energy, Ey (kev 


Photoelectric cross sections for wate! — - 


energy 2 0 8 10 1016018 








il'¢ given 1n the bottom line. The nterva Maximum electron energy (kev 
energy of the photoelectron is the ‘ 4 | 1 38.4 49.6 61.8 

: , l 1 ‘ 546 27 148115 0.8 
yhoton energy less the binding energy. 138 105 86.3 
be 0-3 157 96.6 71.0 





the binding energy can 
cted for low-atomic-number mate- 
t 
Continuous radiation spectrum. 


Data suitable for calculating the initial 


er 
1 
| 
I 


Is has been done here. 


oahy 100 
electron distribution produced by a aa 
liati 100 - 110 Number of Compton electrons set in motion 
continuous spectrum Of radiation are 110 ~ 120 per electron of material 


ah , 120 - 130 e 
riven in Tables 4-6. 130 — 140 per photon per cm? 


( 


ena as PR ee ¥ ; 
The values in the main body of each -% = Multiply table values by 10-27 
table g 


2 ‘ Total 
in motion per Mev interval at the elec- Compton 616 578 


ive the number of electrons set 


(per electron) 
Photoeftect 


k . inwater 1420 
interval shown in the first (per electron) 


tron energy shown in the first line by 
| photon per em? per Mev interval in 
t he enere 


column. 





{ simple example will illustrate the 


use of Tables 4, 5 and 6. Suppose one 


TABLE 2a—-/:, = 0-4 Mev, Compton Electrons 


Electron Photon energy, Ey (Mev) 

m Ae energy 01 02 03 O4 OS O06 O8 10 12 IA 16 18 20 22 25 

of water by 3 X 10 photons em* 1n interval Maximum electron energy (Mev) P 

the range 100 to 120 kev. This is (Mev) 0.0281 0.0878 0.162 0.244 0331 0.421 0.606 0.796 0.989 1.18 1.38 1.77 1.97 2.27 2.76 3.26 3.76 

equivalent to 1.5 X 10% photons /Mev 0-02 493 406 «353242166 1223.4 ABA 34.3 25.3 19.7 12.6105 813 5.65 4.13 3.18 
: a : 0.2- 0.4 H2 123 146 646 44.4 323 24.2 19.0 12.3103 803 5.60 4.10 3.17 

interva Che electron energy interval 0.4 - 0.6 9.6 45.0 31.7 23.8 186 14.9 12.2 10.2 7.96 5.58 4.09 3.16 

0.6 - 0.8 73.4 36.0 24.9 189 14.9 123103 7.99 5.59 4.10 3.17 

| o ) ’ < | < > 

5.9 to 6.1 kev is 15,000 of an Mey 0.8- 1.0 598.0 304 206 128105 812 5.63 4.12 3.18 


Hence the number required 1.0-1.2 494 26.5 13.8110 839 5.7% 4.18 3.20 
3x 32.5 « 10-2 & 1.5 X 12-14 425 234 159121 885 5.94 4.26 3.24 
tae oe 14-16 M1144 970 6.22 438 331 
3.26 * 10% Compton 16-18 3.4193 11.4 663 4.57 3.40 
1.8-2.0 29.9 14.6 7.36 4.83 3.54 
Tale ° 2.0 - 2.2 355 859 5.21 3.70 

At the bottom of Table 4, photo 22-24 Number of Compton electrons set in motion 106 5.77 3.93 
ross sections are given. The 24-26 per electron of material 14.9 663 4.24 

. - ’ 2 21. 08 4.67 

energy corresponding to each a o5 per photon per cm : hoy ro 


0-32 Multiply table values by 10727 24.7 638 


requires the number of electrons in the 





range 5.9-6.1 kev produced in a em 





ectrons em 


values entered is the electron 3 
it the top ol the column plus 3.2-3.4 8.12 
e : 34-36 11.6 
the suitable electron binding energy. 3.6-3.8 15.5 
rocedure to be followed in Total 
Compton 4% 317 «288268 «= 235s 22 1% 178 166 155 146 138 129 104 96.0 


he initial electron distribution 
(per electron) 


continuous y-ray spectrum will 





illustrated. The y-ray spec- 
Fig. 2 will be used as an 
it is approximately the dis- TABLE 2b—F, = 0-4 Mey, Pair Electrons 
on produced by a 3-Mev ma- ae Photon energy, Ey (Mev 
filtered with 10 mm of lead and energy 20 22 


, interval Maximum electron energy (Mev) 
feopper (4). A tabular method (Mev) 0.17 ( ] 0.978 Lt 


smmended and ‘is illustrated in 0-0.? 2 * ; 0.32 0.34 
0.2-0.4 0.1 ' \ 0.5% 
0.4-0.6 } ! 0.60 
photon energy intervals (corre- 0.6-0.8 ; 0.55 
0.8-10 0.26 
= 1.0-1.2 
given in the first column. The number Sy 
of photons/em?/Mev interval taken or 
eon eee laa . Number of electrons (+ and -) set in motion 
are listed in the second L820 per electron of material per photon per cm2 








to those of Table 5a) are 


line 


Since most photon distribu- 2.0-22 10-27 
; : : al | lues b . 
tions do not vary rapidly with energy, een ae ae Meee 


the average number of photons per 2.6-28 
2.8-3.0 


: : : Twice total pair 0.08 0.38 
be taken as the value at the midpoint tonal 
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Mey for an energy interval can usually 











Cross Section Calculations 








Comprehensi ‘ discu ” he the 7 / olumn of Table 
esses have heen given by Wi f hy a histogram a na tled 
Davisson and Evan f () / ‘ nm each eclangqula ( or 
were derived from th } ! ] fo the area under the mootl 0 
lion The tabulated ind ha heer ; } 
mated to be accurate to al 

| } é nement of tt pro 

Compton effect. /) Prdlile t phova the 2 
ections for a given photor amen ’ j . 
plotted against the electron ene j » electror , £ a ipplied 
data tabulated in reference ) l"} ection ranges from 0.91 to 1.0 
yrated graphically ove the j fron enerau creased y 
rqy intervals shown in the ico f f Had th orre 
of Tables 1, 2a and 3a, to tT ected he numbe ) 
pre ented in those table tha heey 
the ertical column ef j Q, plor thle 
orption cro section the } athe thar ale mre hy 
those tabulated hy Whit D on ' pende 

The data in Tables 4 1a f 7 I} neglects the fact th the S 
obtained by plotting the d flerer ; netion of Z, 4 } 
ection for a qiven electro ! ! nad th Oo 
function of the photon er I he 


were integrated both mather 


Pair production. Whe Bethe-H 


u puted ) he 0 - 
a ; ; hie a 
por » Compto or 
Bot} ) ’ and ne ) ere 
} ; hie o hie ‘ { 
‘ / p ) ” 


pend appro on he 

fZ. Table valu 0 
1 ! he ed ) } tle- 
Dp 7) } Z (6.60 nee 

/ ) mil pa 
prod ’ te 6.60. The 





graphically ove the photor ) he differential-pa : Z 10) the « 5 a 

val hown in the first co mu ( thle j ior ) ection a ‘ ited j a : a 

;, ba and Ga, to yield the da } f ) eoning (¢ 

table e electra Triplet pro Photoelectric effect. The cro 

For eran ple, in Fig. 1 the nt pints to about 10 ‘ he he photoelect effect in wate 

cross section for production ( Vi wluction ontributior ) / om Wi yw high 

energy. The photon enc le | 10). Th tI energies. \ or othe 

heen broken ip into a se hand Listribition a a ed the obtain id / a 

O11 Me ide correspondiy ) pa Wy 
of that interval. The product of these \ ies of the true center of each of ol r ging process carried out Was 
numbers and the values Pable Sa these west energv” intervals are in obt ne the number photons pet 
are entered in Table 7 under the given in italics in Tables 4-6 directly energ nterval from Fig. 2. In ow 
propriate electron energit All | il e the cross section ent wit! 0 rk, difficult n obtaining a 
ucts were multiplied by the number they are associated. aS ve such as in Fig. 3 : 
electrons per em? of water Phe , ng the foregoing tabu ethod experienced because of the large con 
of vertical columns gives the numbe ne finds that the total number of ti tions to the cross section at the 
of electrons per em* of water per Me ().2-NMe electrons produced is 18.1 peaks of the Compton curves. 
interval. x 10 This value can be obtained In this ¢ xample onlv the Compton 

There is) one compiicat ! rre t taking the point-bv-point product etlect nee 1 eonsidered since thie 
sponding to each electron energy there f the smooth differential cross section ntributior rom. othe processes. is 
will be one y-ray energy interval that ( Fig. 1) and the photon dis sma If the pair process must be 
includes the minimum = y-1 energ f ition curve (Fig. 2 ind. finding neluded 1 table similar to Table 7 
capable ol producing i ( el e Are inder the resultant curve In S| “ epared [for electrons 
tron of that energy | ‘ tice the tabular method is likel ind the energv distribut added 
(0).2-Mev electrons cannot be produced t be more accurate and easier to 


in Compton processes vnere thie il out The only introduced 


errol 


energy of the incident 4 elov the tabular method is in assuming 
0.347 Mev. as is illustrate ! gy. | that the average number of otons 
In computing the contribution to the er Me nan interval is the number 
number of 0.2-Mev electror : esponding to the midpoint 

in the 0.3-0.4-Mev interva re Che total number of electrons of each 
take account of this fact | I t energ have been plotted ve is ele 
number of photons per e1 er Mi tron energy in Fig. 3, curve a. The 
at 0.3873 Mev, that being the nt nts le on a smooth curve and are 
of the O.347-0.40-Me nte , the exact values for the corresponding 
that is actually capable ! | oy ( tron energies: they e not. the 


0.2-\ev eleetrons erage ilu over a. range Ihe 
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Phe energies ¢ the electrons passing 
t v n element eu nm the 
te can be obtained from. the 
{ Ime distribput 
( ( in element olume AJ 
as t the oint O it 
Fig t The number of electrons set 
n this volume th init 
energ greate than E is 


October, 1954 - NUCLEONICS 














where V(E;) dk, is the number set in 
motion per em® with energies in the in- 
terval FE; to (FE; + dk;). 


K also gives the number of electrons 
coming to rest in the volume AV, which 
originally had energies greater than EF, 
provided equilibrium conditions exist 


over a distance equal to the range of 
the maximum-energy electron. The 
existence of equilibrium makes the 


following simplified calculation of elec- 
tron flux possible. 

Consider the electron flux at P, Fig. 
{, which is distance R in front of Q, 
where R is the range of an electron of 
energy FE. Electrons that come to rest 
in Al 
area at P with energies in the range 
Eto k — AE. Hence K is the number 
of electrons that pass through the em? 
at P, with energies in the range FE to 
E—AE. The of electrons 
that pass through a em? in the material 


must have passed through the 


number 


with energy FE per unit energy interval 
is therefore K divided by —AE. 
will 


This electron flux density he 


denoted by N(E) and is given by 


| "Emax 
ViE (E,) dE, 
SE An, f, Noa 
- 
| VE dE, (1 
S(E Je 
where S(E is the energy loss per 


em path of an electron of energy EF, due 
| 


to coll 
it is a function of the atomic number, 


isional and radiative processes; 


Z of the material. In Table 8, the 
total energy loss per em of path is 
given for electrons in water. 

Table 9 shows how electron flux dis- 
tribution for spectrum of Fig. 2 was 
ealeulated. The first column gives 
intervals of initial electron energy. 
Values of N(E,) from Table 7 were 
used in second-column calculation. 


V(EQ)AE; from FE to maxi- 
we evaluate inte- 


Summing 
mum energy £;, 
gral in Eq. 1; third column gives re- 
sults. Shaded area of Fig. 3, curve a, 
shows graphical evaluation of integral. 


VE 


stopping power 


is obtained by dividing by total 
fourth column) to give 
sixth column and curve b, Fig. 3. 
Applications 

The distribution of electron energies 
per unit volume, V(E,), and among the 
electrons crossing any area, V(E), can 
be used in a number of applications. 

Energy locally absorbed. For 
many calculations one can determine 


the y-ray energy locally absorbed by 
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TABLE 3a— /', = 0 30 Mev, Compton Electrons 
Electron Photo energy, E, (Mev) Ee 
energy 1 2 3 4 5 6 8 0 12 =I 16 18 20 22 24 26 28 n 
interval = Maximum electron energy (Mev) - 
(Mev) 0.796 1.77 2.76 376 4.76 5.76 72.5% 9% 118 138 15.8 178 198 21.8 23.8 25.8 27.8 29.6 
O-1 212 @2.2 28.1 15.9 10.1 7.07 3.97 2.55 1.77 1.29 0.990 0.78 0.66 0.528 0.445 0.380 0.328 0.204 
1-2 4.2 31.9 165 10.4 7.20 4.01 2.57 1.7% 130 0.993 0.786 0637 0.528 0.445 0.380 0.328 0.284 
2-3 55.1 21.9 119 7.76 4.15 262 1.8 1.31 1.00 0.788 0.640 0.530 0446 0.381 0.329 0.284 
3-4 41.7 170 940 4.48 272 1.84 1.33 1.01 0.791 0.6464 0.533 0.448 0.383 039 0.28 
4-5 33.4 M1 5.13 292 1.92 1.37 103 0.81 0.62 0.539 0.450 0.386 0.331 0.286 
5-6 27.7 657 3.26 2.05 143 LOG 0.820 0.662 0547 0.456 038 0333 0.288 
6-7 10.5 3.88 2.26 LS52 111 0.847 0.678 O556 0.463 0.394 0336 0.290 
7-8 21.1 S11 260 L64 LI? 0.885 0.698 0.5% 0.472 0.400 0.340 0.293 
8-9 837 3.15 1.84 126 0.931 0.725 0.586 0.484 0.407 0346 0.297 
9-10 17.0 4.25 214 138 0.992 0.760 0.606 0.497 0415 0352 0.91 
0-11 7.0 2.65 1.56 108 0.803 0633 0513 0.426 030 0307 
11-12 4.2 361 1.84 119 0.863 0.665 0.532 0.440 0370 0.314 
12-13 6.02 229 1.3% 0.939 0.706 0.560 0.456 0.382 0.322 
13-14 123 3.14 1.61 1.05 0.761 0.590 0.476 0.396 0.331 
14-15 5.24 2.01 120 0.834 0.630 0.501 0413 0.342 
15 - 16 108 278 1.43 0.937 0.684 0.533 0.433 0.356 
16-17 4.66 1.81 LOB 0.755 0.571 0.457 0373 
17-18 9.69 251 130 0.852 0.622 0.486 0393 
18-19 4.3 164 O91 0.69 0.524 0417 
19- 2 867 2.28 1.19 0.78 OS71 0.445 
2-21 3.87 1.51 0.914 0636 0.48 
21 - 22 7.86 211 LO 07% 0.528 
2-2 Number of Compton electrons set in motion 3.58 1.40 0.843 0.588 
23 - 24 per electron of material 7.144 1% LOL 0.667 
24 - 25 per photon per cm? 3.32 1.30 0.777 
25 - 26 = 654 18 0943 
%- 27 Multiply table values by 10-27 109 ~L2 
27 - 28 6.08 1.68 
28 - 29 2.67 
29-30 5.77 
Total 
Compton 21] 146 «115 «(96.0 82.8 73.2 599 510 4.6 398 359 328 W2 Ml 22 46 22 2.0 
(per electron) 
TABLE 3b, 0 30 Mev, Pair Electrons 
Electron ___ Photon energy, Ey (Mev) : 
energy a a a ee ee ee wee cee aie a ee le es i eee 
interval Maximum electron energy (Mev) —_ 
(Mev) 0.878 1.98 298 398 498 698 898 110 13.0 150 170 19.0 210 230 250 270 2790 
0-1 229° 3.45 3.37 3.11 2.83 235 200 175 19 145 133 123 113 1.04 0.97 0.89 0.83 
1- 2 325 4.65 461 438 388 3.4 3.08 2.77 252 231 213 199 184 173 163 153 
2-3 3.12 461 458 419 382 3.45 3.16 2869 266 247 232 2.18 205 195 1.84 
3-4 2.85 438 426 389 3.97 329 3.04 282 262 24 2.32 220 211 2.01 
4-5 256 419 3.91 3.60 334 3.11 290 2.71 255 241 22% 2.18 209 
5- 6 3.86 3.8 3.60 334 3.122 2% 2.75 260 24 233 222 214 
6-7 2.12 3.81 3.60 334 3.12 293 276 261 247 234 2.24 2.15 
7- 8 3.44 3.57 334 3.11 292 2.795 2.60 2.47 235 2.24 2.16 
8- 9 L% 345 3.34 3.12 291 2.74 2.59 2.46 2.35 2.24 2.16 
9-10 3.07 329 312 292 274 258 245 2.34 223 215 
0-11 158 3.16 3.11 293 274 258 244 233 222 2.14 
11-12 2.76 304 293 27 258 244 232 222 213 
12-3 143 289 29 27% 259 24 232 221 2.3 
13-14 251 28 275 2.00 245 2.32 2.21 212 
4-15 13 266 271 261 246 233 221 212 
15 - 16 230 262 20 247 234 222 2122 
16-17 L1I9 247 255 247 235 222 2B 
17-18 2.12 24 24 235 23 2B 
18 - 19 Number of electrons (+ and -) set in motion L108 232 241 234 224 2M 
19-2 per electron of material per photon per cm? 198 2.32 233 224 215 
2-21 7 0.99 2.18 2.28 224 2.16 
21-22 Multiply table values by 10- 1.8 2.20 2.22 216 
22-23 0.91 205 218 215 
23 - 24 172 211 2.14 
24-25 0.6 1% 2.0 
25- % 162 2.01 
26 - 27 0.77 1.84 
27 - 28 1.52 
28 - 29 0.71 
Twice total pair 2.29 6.70 IL1 1852 B7 248 WO 343 38.2 414 444 469 493 SL4 53.4 552 57.2 
(per electron) 
assuming that all the energy passed , Eimoz : : 
; re null ae E, = x N( ESE, dk, (2) 


on to the electrons is in turn absorbed 
locally. This for 
electrons of energy up to about 1 Mev, 


The 


is generally true 
radiation losses being negligible. 


energy locally absorbed per em? is 


Under this circumstance of negligible 
locally 


radiation 


loss 


the 


energy 


absorbed can more readily be obtained 
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TABLE 4 -/: 0-300 kev, Compton Electrons 





Phot 





f y - | \ l 1 Li his 4 
hey 4 00 4 r 0 14 
l 15.8 18.2 ere \ dha ~ the numbe o 
7 
. - - —g : 1 ) T ( ery Ay crossing unit are 
. us ‘ + ‘ rm 
D-0 | 9 84 46.1 49.7 tee ae 2 ner Me t These « essions f ind By can be 
4 i 9 46 @& { Vie V v ; 
79 ! \ 1 be iwient i Using hg ) 
‘ : MM table 26 
‘ : ee er : ; ‘ ees are ( not consider im detain the 
) -8 EY a7p ] *) $59 , 
x % 4 48 4 “ 4 47 4 enery tistributions of the electrons 
— ’ , et motion since the absorption 
7 8 3 8 2.8 150 159 efficient uw, takes this into account 
40 IE r : : ; 
P Q 4 4 4 194 W hie | tiotl OSSeCS e exeluded 
. ; . { energ sorbed ‘ 
219 
} 7 ) 8.74 ( ie liq. 2. me none use Ka. 3 
4! « 5 8 9.2 , 84 ’ 0 52 ‘ ? ‘ } tT ! oe] t T 
@-26 4 10 7.8 ‘ r 4492 4 44276 
60-281 5 6.60 6.7 4 474444 4 299 le energy t sferred to el 
ay 7 Q 4 4 4 4.14 
t eve subsequent e-radiated 
sony 10° 2.4104 6.8x x 514 4 As the electron: lose nerement 
ere energ Ie at ene Ie, the fractie 
7 1) bed as thents S i} 
TABLE 5a / 0 4 Mev, Compton Electron: \ t} te of f 
here Is erate o oss of energy 
Photon lune t ‘ <Tons Hence thy tot 
energy 
Fl ( mo) ec - netect l 
interval € Mev - 





0--0 
0.05 - 0.10 41.3 0.145 | j 
0.10 - 0.15 7.7 10.8 » 
0.15 - 0.0 B.3 26.1 0.25 
0.20 - 0. 5.2 % 44 ? Number of Compton electrons set i t ~ 77 the 1 a gant - 
0.30 - 0.40 94 16.8 1.9% 0.48 Mev interval per electron of mate : 
0.40 - 0.50 l » 9.61 89 ton per cm? per Mev interva ( energy [; set MLotlo 

08 Mi t values by 10726 ent photo the energ 
D -0.@ 8.24 7.77 x ed pe t ime is 
).60 - 0.70 5.93 5.69 { 152 4 0.79 


0.70 - 0.8 4.45 4.32 4.15 j a4 0.8 J 





L4- 16 1.22 2.18 ‘ 4 | ( ( taunt t 
1.6 8 L75 13 & 8 9 4 1.91 P , , . 
18-2 1.@ La 14 8 14 4 ( ere |. = 
12 I ‘ 
) 116 1.15 ‘ ‘ 2.32 ( t ect the elect 
4 0.968 0.96 56 14 14 4 wy 4 - } 8 2.52 
4 519 0.813 0.809 0.804 c 4 i 4 Q 3 5 > 77 f ¢ ( ft t 
6-28 701 0.698 0.694 0. 85 0.685 0.694 8 0.840 0.967 5 ‘ oe ae 
, 07 0.605 0.602 0.600 0. i ® 0.880 F 
032 8 As 592 c B 0.826 2.32 Csse vIVel 
3 3.4 468 0.46 466 0. 4 4 4 4 { 454 0.478 0.488 0.51 4 5B 60 0.86 N / | t tot ‘ 0 
4 \: 415 4i4 4\4 4 4 4 4 4 4\4 4 $ 44 468 0.499 0.546 3.77 
25 Q 2 ] y a 4 436 0.46 4 B74 48 . A 
g-4 r 2 26 ‘ Y 44 4 bf Rs « 4 € 
| \ ‘ l 
TABLE 5b / 0 4 Mev, Pair Electron 
Phot : 
energy ' the t 
interva gy (Me ‘ , ent t ’ 








112 14.16 h ar nt elect . 
. } + 
l 2 9 0.029 4 | t { ‘ ‘ 
4 6 0 44 4 er Mev tery € ect f t¢ I i u 
" 
- t P' r ] 
1.4 - 1.6 96 0.184 4 : per Mev v | | 
1.6 - 1.8 0.107 0.213 0.317 4 4 424 499 179 ws Si lonization in a cavity rhe energ 
Q 0.106 ma 49 rT | ‘ v t , wie Vv e y . 
‘ t 
yaa Q “4 27 : 
2.4 092 0 9 6 86 25 r vy S | 
2.4 - 2.6 67 0.20 353 68 3 2.71 ‘ - 
2.6 8 083 3 34 6 74 4 ory 729 262 291 . 
8-3 8] 188 Q Q a4 R08 £99 58 { was P ' r 
217 
3.0 - 3 080 0.184 0 695 0.790 0.843 0.860 gh that ¢ { 
ke. $4 0.078 0.18 9 £9 F REG 256 
3 3.6 0.077 0 6 496 6a 6a ay 0.056 ( \ - 
3.6-3.8 0.076 0.176 486 0.597 0.670 0.771 0.836 08 044g V(E) are dete 
3.8 - 4.0 0.075 0.174 0.478 R4 «(0.658 ¢ R 866 0.646 
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lf ( il¢ the energ\ absorbed by 


W’, the energy required to produce an TABLE 6a—F 0-30 Mev, Compton Electrons 








lon density distributions. In many 16-18 0.176 0.176 0.177 0.178 0.179 0.182 


on pair, we obtain the ionization pet Photon —_ ———— 
Init olume energy 
interval Electron energy (Mev 
"Rio (Mev) 01 O05 10 20 30 40 5 60 80 10 12 16 18 
| N : cules a 
| VE) dl | a 0.609 0.843 
i 0 S O-1 701 13.1 169 - ° 
: 1-2 122 116 18 260 Number of Compton electrons per Mev interval 
6 3 421 413 #430 667 3 per electron of material per photon 
+e a at aaeel 
3-4 211 2.10 211 261 4.746 ¢62 per cm? per Mev interval 
4-5 1.28 1.26 1.27 140 1.93 3.70 
p 5.62 P > lu by 10 26 
I = . " 5-6 0.856 0.846 0.851 0.895 105 154 308 ee Multiply table values by 
/ | V(E)S dk r 6-7 0.612 0.606 0.605 0.628 069 0.83 19 258 
W Jo 7-8 0.458 0.454 0.455 0.466 0.496 0.562 0.709 112 9.92 
8-10 0.638 0.635 0.639 0.647 0.674 0.726 0827 103 287 ||, 
In general, Eq. 7 would be easier to 10-12 0.424 0.422 0.424 0.429 0.440 0.459 0.492 0.546 0.818 2.35 13.7 
12-14 0.304 0.303 0.304 0.305 0.310 0.319 0.333 0.355 0.439 0.682 1.99 157 
¢ late than 6 14-16 0.227 0.227 0.227 0.229 0.232 0.236 0.243 0.253 0.290 0.369 
0 
0 


! 

0 

186 0.191 0.210 0.245 0 

18-20 0.141 O.141 O.141 0.14? 143. 0.145 147 0.190 161 0.18 0 
gical investigations, one Is inter- 


0 

20-22 O.116 0.116 O.116 0.116 O.117 0.118 6.119 0.121 0.128 0.139 0 18 : 

ested in the ion density distribution of 22-24 0.0962 0.0962 0.0962 0.0966 0.0971 0.0979 0.0989 0.100 0.104 O.111 0.122 0.139 0.17 9 113 256 
t t Tl . le 24-26 0.0817 0.0817 0.0817 0.0819 0.0821 0.0826 0.0833 0.0842 0.0871 0.0915 0.0984 0.109 0.176 0.18 9 0.348 0677 

CRNA e, Serene e MeAN JON CEN 5¢_ 5g 0.0700 0.0700 0.0700 0702 0.0704 0.0707 0.0712 0.0719 0.0739 0.0769 0.0815 0.0883 0.0985 0.114 0.141 0.193 0.5 

sitv can be found by taking the ratio 28 - 30 0.0607 0.0607 0.0607 0.0607 0.0608 0.0612 0.0616 0.0620 0.0635 0.0657 0.0688 0.0734 0.080] 0.0894 0.105 


the total number of ions produced 





percem’tototal range ol allthe electrons. 


The range of an electron of energy TABLE 6b—F, = 0-30 Mev, Pair Electrons 


EK, is given by — mene Se 
energy 
*]} A "| | interval - Eloctson ennrgy Mev 
R | dE dE (Mey) (i 05 10 20 30 «0 50 60 806 W iW inu 6 w 2m 
" A A fe A ee. OE. Se ma 
Al Jo 0 1.56 1.76 
l 2 107 86.11 Number of electrons nd er Mev interval 
(S z= 3 1.77 3.63 3.20 3.5 per electron of material per photo 
ae 165 3.06 4.48 (3.22 45) per cm? per Mev interval 
a~§ 153 3.59 443 465 292 .. 
he number of electrons with energy, 5.5] 
Phe numby sta i an 5 138 3.25 4.19 4.68 4.44 267 65) Multiply table value 
Kk, to Bb; + dE; produced per cem* is 5.9 17% 299 3.90 447 453 4 242 7.51 
y- 8 1.09 $ 425 43 4 3.90 2 9.5) 
/} . J : —— 
Vil E; and the total of these ele 8-10 182 489 658 7.85 812 818 804 7.58 18 .., 
trons nges is RNCE ) dk. lo 10-12 147 4.24 5.80 7.07 47 3751 75 ey 16: = 
btain the total path length of the 12-14 1.23 3.73 5.15 638 680 695 697 696 692 608 141 15.5 
» 14- 16 1.0% 3.33 4.8 9 624 642 64 4 6.4 6.39 ] 1.28 
electrons of all energies produced pel 16 - 18 093 3 4.19 | 4 59 6 f 605 60 595 499 1 
' 18 - 20 0.84 9 3.82 489 5.33 5.57 5.67 5.69 5.66 5.66 568 5.52 46 
Ve tegrate as lollows 
x 78 4 498 5.3 3 4 518 4 Y 
-} 22 - 24 0.69 f 4 468 4.9 : 6 5s ‘ 4 ‘ 
l 2 64 4 444 4.65 4.77 480 480 4.78 4 ! 4.82 4 4 
j | V (E;) dl di 6 - 28 5 4.20 441 4 460 460 454 453 453 4 " ‘ 4 ‘ 
Jo» 8 49 88 3.98 4 4 4 440 4 4 4 4 4.4 44 4.3 
sf 








TABLE 7--Initial Distribution of Electron Energies, \(/,), Produced by y-Ray 
Spectrum of Fig. 2 
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FIG. 3. Curve a: Energy spectrum of elec- 0.70 - 0.80 12.3 18 178 1M 156 1.46 1.58 0.21 water Mev interval/ I 
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FIG. 4 Development of theoretical ex- 
pression for N(E) 
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TABLE 8—Total Energy Loss by Electrons TABLE 9—Calculation of 


in Water* 


by y-Ray Spectrum of Fig. 2 


lon Density Distributions 


in Water Irradiated 
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per micron energy E 
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very 
large 


5,92 
2,82 
1,700 

806 


6.12 
5.02 
4.35 
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2.92 
2.4% 
2.23 
2il 2.91 


*( from Bloch formuls 
) Mean excitation potential J 
Bethe expression to proton energy 
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This is identical with Eq. 4 if S 
Since Eqs. 4 and 5 


the total 


replaced bv 1. 
represent the same quantity 
obtained by replacin 


range is also 


Se’ by Lin Eq. 5, to vield 


Emaz 
Ricta i ViE) dl} 10 
0 


Thus the integral of the electron flux 
density gives the total range 

The total number of ion pai 
duced in a em? is the energy 
given by Eqs. 4 or 5, divided by W 
the energy required to produce an ion 


pair. The mean ion density is thus 


For example the area u 
total 
electrons produced nm a 
20.8 X 10° em. The energ 
is 56.4 & 10S Mev/cm 


Fig. 3, is the range 


hg for 5. 

For this example, Eq 
nearly the same 
little rad 


Equation 


energy 
since there is 
this energy 
energy absorption of 56.6 
em 100 r or 90.7 ergs 

than 93 er 


ys ( 


lowet 
accepted for water. 

The 
obtained from [Eq 


mean jon 
pairs per micron 

For more detailed inf 
cerning the ion density dis 
knowledge of the distribut 


46 


The 


element of 


required, number of electrons 


crossing an area in the 
material with energies between FE and 
i + dF is related to the number of elec- 
trons that produce ion densities J to 
dI along their tracks through that 

rea by the relation N(J) dl Vii 
dl Thus N(J) N(E)(dE /dl). 

The number of ion 
length, 7, is related to the collision loss 
by I S (E)/W. Values of J and 
dl /dl this 


formula and are given in Tables 8 and 


pairs per unit 


were calculated from 


9. There is considerable uncertainty 
concerning the value of W for water 


present calculations the value 


5 ev per ion pair has been used. 


an illustration, the ion density 


distribution N(J 


can be obtained from 
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nterval Per |OOr 


» of lon Pairs 
Density 
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FIG. 5 Curve a: Distribution of electron 
track flux as a function of ion density along 
track. Original y-ray distribution is that 
of Fig. 2. Curve b: Distribution of ioni- 
zation per unit volume as a function of ion 
density along tracks 


V(E) 
Fig. 3), using the dI/dE 
values given in Table 8, and Eq. 7. 
Both N(/) and N(J) J obtained in this 


way have plotted in Fig. 5. 


the electron flux distribution 


(curve b 


been 
The method by which these were calcu- 
lated is illustrated in the last three 
columns of Table 9. V(7) I gives the 
number of ions produced per cm® at 
each ion density and possibly has more 
physical significance than the plot of 


V(/) against J. 
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On the Colorado Plateau: 





Economics of 
Producing Uranium 


does it cost to find, to mine, to mill uranium? = What 

in be expected on the investment? Recently com- 

d figures for Colorado Plateau operations provide the 
inswers to these questions.* Typical costs—for exploration 


ns, mining, transportation, and milling—and_ price 


re summarized here. 


yperating budgets for exploration programs range 


$345,000 to $1,000,000, with capital investments of 

S60 OOO- $220,000 Included are such items as exploratory 
ng at $1-4 ft, airborne exploration at $3,000 per month 

ane (capital investment $6,000-12,000), and drill- 

ogging to determine extent of ore at $900 per month pet 


ipital investment of $5,000—10,000). 


is nyle prospecto! ean carry on operations tor much 
Without real hardship it takes about $3,000 for vehicle 


ind equipment, about $2,500 a year for maintenance. 


1 


ling costs per foot dug run $30—-150, depending on type 


ft. Typical capital investment for a small mine is 


$25,000 (less than 100 tons day). 


Roads on which to haul ore from mine to mill cost $900 


1,300 per mile Haulage costs per ton-mile run 6—-S cents 


Milling capital investments are estimated at $10,000-15,000 
ton of capacity per day. 

= paid by Atomie Energy Commission for uranium ore 

fied in Circulars 5 and 6. Above 0.2% U3Qs per ton 

ise price is $3.50 Ib of U;0s. To this are added a 

mium (80.75 |b for over 4 lb ton, $0.25 Ib for ove 

a mine development allowance of $0.50 Ib, an 

production bonus of $3 to $700 per ton of ore for the 

first 10.000 Ib, $0.31 Ib for V2Os; in ore, and an allowance of 


6} cents per ton-mile for up to 100 miles of haulage. 


iulage costs are sometimes paid by mill operators 


rrade ores on which they can make more money 


fixed price for each pound of uranium concen- 


ue ed regardless ot tons of ore processed, 
ire set by AEC contract, usually for 5 years 


fair return,” unofficially estimated at 10-15% 


om Engineering and Mining Journal, a McGraw 


lished a special report on ranium mining in 


FRONT COVER and pictures here show four mining opera- 
tions. Among them is largest ore producer on Colorado 
Plateau, but exact tonnages are not available. Anaconda's 
Jackpile mine (cover) in New Mexico is open-pit operation; 
entire overburden 100-120 ft deep is removed to get at 
15-30 ft ore zone. Vanadium Corp. of America’s Monvu- 
ment No. 2 mine in Arizona (top) has only 20-ft overburden. 
First tunneled, it is open pit now in effort to remove all ore. 
Steen's MiVida mine (above) in Utah is tunneled; picture shows 
operators loading ore. Across valley from mouth of Vernon 
Pick's Delta mine in Utah, ore-bearing strata lies at base of 
vertical rock formations (below) 








Advances in " ISOTOPE 


TECHNIQUES 








New applications of radioisotopes to medical therapy and diagnosis, animal 
physiology and pathology, plant nutrition, biochemistry, chemistry, physics, 
and to industrial research and control were discussed by almost 800 delegates 
attending the Second Radioisotope Conference in England this year. 


Here is a comprehensive summary of the wealth of data presented there 


By R.A 


. FAIRES, J. E. JOHNSTON, and ROSALEEN J. MILLETT 
‘10 


Energy Research I H / 


THE WIDE RANGI 


triat: 


sth} ) il 
A. H. Knight ( \I 
presented 
ented inelu 
Industrial Applications a acreage ae | itil 
The photoneutron net 
uring deuteriun 
SCUSSION 
C. P. Haigh (Bs 
1, england) 4 | 


ede cad tse 
moot the lis ment onifi- t 2? OOD 1) 
J. Brochard (Paris) gave cor J. V. . tong (Cl 
f ( si! t eat Peddu 

machine 

A. G. Maddock (( 

land) pointed out that the s tivit etect hus us neutrot t owe 

the method could be inere ( l fined energ oO direct counting of 

& potassium permanganate t t tha B ul . Sharpe 

detector 1) t t 
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Direct comparison with 
measured in the acetvlene pro- 
thus be ob- 
the 


is still considerably 


counter could 


preliminary results 
count 
be accounted for by 

Zing it into its components. 
E. N. Shaw Aldermaston, england) 
. thin 
Alpha 


from radium were used as the 


ies Dead & gauge for measuring 
sues suchas cigarette papers. 
ee 
vindowless ionization chamber 

With a prototype instru- 

i tactory, stabilities 

+0.5° were obtained 

short-term) varia- 


‘ »¢ 
as o 


® of the paper 
yr vere experi need probably due 
temperature changes in the air gap. 
Harwell, Hengland) de- 
wortable tube-wall thickness 


J. L. Putman 

designed for measuring 
which corrosion has oec- 
pipes in an oil refinery. 
rs source is used with 
counter consisting of a 


ind an EMI 


eras detector 


t\ pe-6260 
\ gating 
the radiation 


dso that ony 


Indergone Ah eChergy change 
rom the pipe is detected 
direct’ Co radiations. 
s thus avoided. 
B.. S. 
Research 


used P*®* to 
In drafting 


elinyg 
\tile problem 


Taylor Tndustries 
\ (is, nyvlana 


IKC “Sse 


rsuspected that 


shed tex 

Pred V betta 
two counters 
ence the Hibetr 
Autoradio- 

e that the 

natural part of 
found that. contrar 


nptions, the chanceo it 
ited depende Lon the 
ing into contact 
the front rollers 
ss, und that the 


bed Hives 


with a 
ite between those of 
erband, lessen 
both in solu- 

rees absorbed on 
surement of water 
DST, and 


sludge or 


hold-up time 
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A. Quinton 
tal, 


the problem ot dissipating electrostath 


Queen elizabeth Hospi- 


Birmingham, England) reviewed 
charges, particularly those encountered 
theatres He 


un apparatus he h 


in operating described 
id devised to blow 
ionized air towards the static charges 
thus obtaining higher efficiency, and 


reducing the hazard from = radiation 
that is present if a radioactive source is 
used near the apparatus producing the 
electrostatic charge 


H. S. Peiser (Sheflield 


cussed the potentialities ol 


england dis- 
Ce'* as a 
y-ray source for industrial radiography. 
source of 


The use of a heterogenous 


gatima ravs tor radiog! ipl Vv is advan- 
tugeous for the inspection of specimens 
different 


of widely thicknesses as are 


often met with industrially For the 


work 


56 me 


deseribed ON i mall souree 
half- 


letermined b 


this 


Wis ia illuble The 
value laver for ste is 
these studies was 1.4 0.2 inches 
howeve! het! 
thickne 
considered that t] 


figure nerenus- 


ail 
jr Opie 


ng steel 


value laver wis tor 


Chemistry 
J. C. Bevington f Birmingham 


england) gave a la umber of exam 


ples ol the use ofl ‘gents to 


study the mechan merization 
and the structure of polym Hk 
studied brane] 
and deseribed 
of analvsis to « 
composition 
quantities 
order ol microg 
Marl Valuab tech 
A. G. Maddock (| 
ileal L I 


described in 


ul 


aborato ( 


ited by 


the production « 


E. J. Gibson (| Rese 


Cireenwicl vinnie described 


rch Station, 
two 
uses of radi ‘ n chemical prob- 
lems of fuel rel ing S°° it was 
shown that on of SOs, to 
sulphate for tubes was 
almost mdependet ol ten 


but that 


iperature, 
the torma n trom SO). in- 
HOO” ¢ ind was 
Another study 
had been made to ascertain the 


cre ased rapa 
eatalvzed b 


] { 
role © 


oxygenated radicals in) the ischer- 

Tropsch process 
A. M. Gaudin 

\I ass 


assay technique with ¢ 


MIT, ¢ 


described the use ol a 


imbridge, 
radio- 
“labelled do 


deceyvlammonium iwetute to measure the 


adsorption of the amine from wueous 


solution The adsorption is reversible; 


in the acid range it «le pends toa small 
extent on pH 


C. Bokhoven 


burg 


Stantsmiynen in Lim 


Nethe ri 


experiments in. which CMO 


Celleen inds) deseribed 
and C'*O) 
were passed over catalysts used in the 
synthesis of amimon 
polsoning ol the ental 
itv of the catalyst 
the outgoing wns 
tinuous! It w 
POIsOnimng in Praotty « 
fact that if the ¢ 
venated to methane, the 
formed pomons the 
plementary experim 
Vapor as the poison 
with this theo 

W. J. Arrol (Josep! 
Birmingham, Englane 
aration of H® by the 
Li and subsequent 
also the preparath 
Kr? from i 
tris 


tubes 


Uses 


uses of Ky 

eonstituent 

tubes to 
iK-dlOWT 


Phidtaddaatll 


Metallurgy 


P. Albert (Centre d’ Btu 
\letallurgique, Viti 


the 
dium, and silicon bb 
The 
to obtain may 


Purifieati 


(al V Sis hest disp 


LOCIty 
was found. 
repeated application of 
the same ingot a 


poy 
ratio of a geometrica 
number ol Pussages of 
W.L. Mercer (| 
has measured <e| 
brass contaimimg |‘ 
in ordered beta 
were taken to insure 


tribut on ot the truce 





U. S. Lan- 


Sweden) pointed 


the discussion that followed 
dergren (Goteborg, 
out that the 

23.8 kilocalories 


method for the 


energy ol 


activation 
mole obtained by the 
tracer self-diffusion of 


zine into a 45% zine brass ts higher 


than the value of 19.3 kilocalories /mole 
obtained by chemical methods for the 


>” 


diffusion of zine into a 47.3 % zine alloy 


Medical Therapy 
R. C. Tudway (Bristol General Hos- 
Bristol, England) 
applicator for the treatment of car- 


described an 


pital 


cinoma of the cervix uteri using radio- 


active iridium. Since Ir'®? emits less 


penetrating gamma rays than radiut 
the bladder and rectum can be more 


effectively shielded by using uranium 


and lead than was possible with one of 
methods This 


+ 


method also permits greater flexibility 


the more orthodox 
in arranging a desired dose distribution 

F. Crainz (U. Italy) de 
scribed an applicator filled with Sr%° 
Y for 


apy of climacteric metrorrhagia. The 


ot Catania 


intrauterine beta-rav ther- 


very energetic beta particles of Y® can 
penetrate to the deepest endometrial 
layers. The applicator is shaped so as 


to permit uniform irradiation of the 


whole surface of the uterine cavity 
This technique permits complete de- 
struction of the endometrium without 
impairing the ovarian function 

F. Ellis (Churchill Hospital, Oxford 
England) described treatment of vil- 
lous papillomatosis of the bladder using 


Au ms Ww it} 


container, thus giving contact wi 


a colloidal solution of 


bladder wall. 
E. E. Pochin (University College 


Hos 
pital, London) discussed localization of 
colloidal radiogold in the lungs. The 
gold was precipitated onto sugar char- 
coal particles of 830-43 micron diametet 
that were suspended in dextran after 
irradiation. Experiments designed to 
show the proportion of the activity 
that remains in lungs or passes to the 
liver, with injection intravenous 
through a cardiae catheter into a 
branch of the pulmonary artery 

little or no detectable es 

This 


lung 


liver. makes  possil 


local irradiation 

damage from escaping 

This preparation can also be 

in any specified area of 

means of cardiac catheterizat 
interesting suggestion made in 
sion Was to use Y* to replace Au 


J. T. Van der Werff (st. ¢ 
50 


Net her » 


form for 


Zieke nhuis 
lands) used Bi?®* in 
interstitial 


tumors that cannot be treated satisfac- 


Nijmegen, The 
citrate 
therapy of radiosensitive 
external X-ray irradiation or 
by radium The 


culty of localizing the Bi*°® in the injec- 


Ol! ily by 
implantation diffi- 


tion area for a reasonable time was 
overcome by adsorption on charcoal. 
C. W. Gilbert (Christie Hospital, 
\Ianchester, England) showed that an 
exponential relationship existed be- 
tween falling white cell count and sae- 
cumulated dosage from P** therapy. 
This enables a prediction to be made, at 
in early stage in treatment, of the min- 
imum effective dose of P** necessary. 


Medical Diagnosis 

H. G. Thode (McMaster University, 
Hamilton, Ontario, Canada) gave re- 
sults of tests made on over SO patients 
of the uptake of orally administered 
radioiodine in the salivary gland.  Al- 
l ! saliva 
might be 
diagnostic test with fair confidence, the 


counts by themselves 


used as a rough radioiodine 
ratio of the counts in the saliva to those 
in the protein-bound iodine gives a 
more accurate test, particularly in the 
case of patients with questionable thy- 
roid function, than the pickup and con- 
version tests that have been previously 
that the 
tukes into account both 


It was pointed out 
Via awetivits 
radioiodine by the 
and the 
radiothyvroxin by the thyroid gland. 
J. Rotblat (St. Bartholomew’s Hospi- 


results on 93° pa- 


secretion. ol 


glands secretion of 


salivary 


il London) 
ients, 12 


support of a simple test to discriminate 


guive 


in the carcinoma group, in 


between carcinoma of the thyroid and 
This test 


tuse, following intravenous injection 


euthyroid. is possible be- 
I'S! in the carcinoma cases, the per- 


ige of the blood iodide taken up by 


cent 
the thyroid per minute is lower and the 

half-life of 
These 
plained by assuming that the increased 


labelled 


from the thyroid is due to a diminished 


biological radioiodine is 


results could be €X- 


shorter 


rate of secretion ol! hormone 
store of iodine in the thvroid glands. 


H. C. Allen, Jr. 


tration Hospital, Houston, Texas) de- 


Veterans Adminis- 


{ improvements in outlining 


rain tumors and regions of the thvroid 


that take up iodinated human 


ind orally administered radio- 


respectivel The scintillation 


{ 


that discriminates in favor 


| gamma ravs to improve 


resolution will be deseribed in a forth- 
coming issue of NUCLEONICS 


W. Gemmell (Odstock 


england) 


Hospital, 
Salisbury described an in 
vitro test of the viability of stored skin 
that involved taking a small piece of 
skin and placing it in a suitable Ringer 
solution containing P%*?. Living skin 
shows an inverse exponential uptake of 
P*?) whereas dead skin does not actively 
incorporate P Clinical experiments 
indicate that a negative P** test is cor- 
related with failure of the skin to “take” 
when grafted 


J. B. P. Williamson (U 


described how metallic trans- 


of Cambridge, 
England 
fer occurring in screwing and bolting 
operations in bone surgery has been 
studied by making the tool tips radio- 

used to 
About 20 


60 we were transferred in screwing and 


active C1 activity Was 


measure metallic transfer. 
10-100 wg during bolting operations 


the amount of transfer increased 


rapidly when slip occurred and was 
larger when the surfaces were of similar 
steel that 


the metal was transferred in the form 


Autor adiographs showed 


of discrete particles. The medical in- 
terest of this work is that these particles 
may form electrolytic couples having a 


harmful effect on tissue healing. 


Animal Physiology, Pathology 


P. Lacroix (U. of Louvain, Belgium) 


used S* and Ca*® combined with auto- 
radiography to study bone metabolism 
at the histological level. He was able 


to show, by comparison of autoradio- 
microradiogra phs of the 
that Cat 


where bone was growing, uptake being 


graphs and 
same section accumulated 
in inverse ratio to chromatism. 


D. R. Maxwell (U. of 


described experiments on the 


Cambridge, 
England 
uptake of tetra-sodium 2-methyl-3- 
Br5?-] 
phate injected into the tail vein of rats 
Walker The re- 


sults are in qualitative agreement with 


t naphthohvdroquinone diphos- 


with carcinoma 256. 


the fluorescence method and confirm 
that the concentration of this bromine- 
labelled compound related to Synkavit 
2-methyl-1:4- naphthohydroquinone 


diphosphate) is greater in tumor tissue 


than in other organs 


J. S. Robertson 


Defense Laboratory 


. Naval Radto- 


San Fran- 


U.S 
logical 
described his results on the dis- 
fate of Cr®!-labelled 


platelets injected into the ex- 


and 


tribution 
I 


ylood 
rular veins of rats previously 


subjected to 500 r of X-radin- 
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tion. The number of injected platelets 
remaining in the blood as determined 
than 


that obtained by a radioactivity deter- 


by platelet counts was greatet 
mination. The evidence is that some 
of the labelled platelets are injured and 
and destroyed. 
Further work is needed before behavior 


selectively removed 


of normal platelets can be studied. 


Plant Nutrition, Allied Studies 
R. Scott Re- 


search, Inveresk, Scotland) reported on 


Institute of Seaweed 


the investigation of cesium accumula- 
tion by Cs!*4, 


The plant attempts to compensate for 


marine algae using 
potassium deficiency by increased ce- 
sium absorption. No dependence of 
concentration factor on external cesium 
concentration was established, but a 
dependence of cesium accumulation on 


light intensity was indicated. Cesium 


is retained almost completely by the 


living algae, but when active plants 
were deliberately killed by immersion 
in boiling solvents, all the Cs!*4 was 
The dis- 


Rhodymenia 


lost within a few hours. 
cesium in 


determined by 


tribution of 


palmata plants was 
autoradiography. 

K. Kaindl (Osterreichischen Stick- 
stoffwerke, Linz, Austria) discussed 
foliar fertilization with phosphatic 
nutrient labelled with P** and showed 
that the uptake of KH.PO, through the 
surface of the leaves depends on many 
parameters including temperature, hu- 
midity and soil, and on the develop- 
mental stage of the plant, the latter 
being most important. There are two 
periods in which the uptake is signif- 
icantly high—the earliest developmen- 
tal stage and just before the maximum 
vitality, which in the case of cereals is 


about one month after sowing. 


Biochemistry 

H.R. V. Arnstein (National Institute 
for Medical Research, London) has in- 
vestigated the biosynthesis of benzyl- 
penicillin from phenylacetvleysteine by 
adding (carboxy-C')-diphenylacet yl- 
L-(S cystine to fermentations and 
measuring both isotopes in the penicil- 
lin, phenylacetie acid and diphenyl- 
acetylveystine isolated at the end of the 
fermentation. It was concluded that 
phenylacetyleysteine is unlikely to be 
an intermediate in the biosynthesis of 
benzylpenicillin from phenylacetic acid 
a- and 8-methylcystine 
are not utilized for the biosynthesis of 


and evsteine. 


6- and 5-methyl-substituted penicillins 
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Transfer Studies 

Three applications of radioisotopes 
to measuring exchange rates in the 
human body were presented 

D. S. Munro (National Centre of 
Sheffield, England) 
studied exchange of radiosodium in 
the human body using Na** and Na*, 


Radiotherapy, 


with particular refe rence to the part 
playe d by the bone. The 
able 


counter in in vivo studve s in contact 


most. reli- 


counting method was to use the 


with the skin over the patella. 

G. W. Reed (General Infirmary, 
Leeds, England) studied aetiology and 
prevention of chemical imbalance, 
which ts a late post-operative re sult of 
ureterocolic anastomosis. He showed 
by using Na**, K® and CL that the 
migration of ions across bladder and 
intestinal epithelia is a dynamic proc- 
ess in which movement in both direc- 
tions takes place. By means of these 
studies the optimum salt concentra- 
tions of pe rfusion fluids have been 
calculated to give minimum salt loss. 

P. Benda (Jnstitute Gustave Rous- 
say, Paris) used radiosodium to study 
the sodium rate of exchange across the 
blood ‘cerebrospinal fluid barrier, both 
for investigating normal transfer 
processes in the barrier and for diag- 
nosis. The technique was valuable in 
distinguishing tubercular and benign 


meningitis. 





respectively, which may indicate the 
specificity of the enzyme system con- 
cerned in the biosynthesis of the B-lac- 
tam ring of penicillin. 

R. Michel (Collége de France, Paris) 
has investigated the speed and nature 
of certain degradation 
products after the injection of different 


amounts of labelled L-3:5:3’-tri-iodo- 


excretory or 


thyronine and L-thyroxine into thy- 


roidectomized rats. The glucuronide 
of the hormone is excreted in the bile, 
and in the case of L-3:5:3'-tri-iodothy- 
ronine, is accompanied by the a-keto- 
from an oxidative de- 


acid derived 


amination of the molecule. The same 
keto-acid is also present in the urine. 
The rate and quantity of these com- 
pounds eliminated in the bile varies ac- 
cording to whether the dose injected is 
physiological or pharmacological. 

E. Kallee (Med. Klinik d. Univers., 
detected 


trace proteins by a modified method of 


Tiibingen, Germany) has 


paper electrophoresis. He described 
application to detection of the proteo- 
After 
injected intravenously with radioactive 
iodide I'*!-labelled and 
insulin, they were killed at various in- 


tervals and the radioactivity of differ- 


hormone, insulin. rats were 


and serum 


ent organs compared. It was possible, 
with the high radioactivity achieved, 
to make autoradiographs of the electro- 
As little as 0.001 yg of 
insulin could be detected in this way. 
P. Schambye (Royal Veterinary and 
Agricultural College, Copenhagen) in 


phoretie strips. 


his paper described some work on the 
in vivo conversion of C!-glycerol into 
that 


there was asymetrical labelling of the 


rat-liver glycogen. He found 


glucose molecule of the glycogen. 
Carbons 1, 2, and 3 had higher specific 
5, and 6. It 


was found that the same result was ob- 


activities than carbons 4, 


tained with chemically synthesized 
glycerol as with glycerol made by the 
degradation of glucose with leuconostoe 
mesenteroides. 

Helen K. Porter (Imperial College of 
Science and Technology, London) has 
isolated hexoses from leaves previously 
exposed to high concentrations of CO. 
in bright sunlight. By means of bio- 
synthesis, sucrose labelled in the fruc- 
and glucose moileties was pre- 
pared. This disks of 


tobacco leaf, and the redistribution of 


tose 


was fed to 


C' between the sugars, starch and car- 
followed. It 
whether sucrose or invert 


bon dioxide was was 
found that 
sugar was used, and whether the glu- 
cose or fructose moiety was labelled, 
the specific activities of the stareh and 
COs. were equal. 


J. D. Hawkins (St. 
Hospital, London) reported the use of 


Bartholomew's 


I'3-labelled horse gamma globulin to 
investigate the fate of intravenously 
injected antigenic proteins in immune 
and normal rabbits. It 
that in the case of immune rabbits, the 
protein is largely precipitated, disap- 


was shown 


pears from the vascular system, and is 
deposited mainly in the liver, lungs and 
spleen within one hour. No similar be- 
havior is observed with normal rabbits. 
Similar results were obtained with 
S*-labelled protein antigen, and with 
the hapten, 3:5-diiodotyrosine. 


* * * 


P oceedings of the Second Radioisotope 
including all papers and discus- 
will be published this fall by Butter- 
London. Volume 1 will 
me dical ph ysiologu al applic ations; volu nee 


Conference, 
sion, 


cover 


worths, 
) 


physical sciences, industrial applications 
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Kinetics of Circulating 
Reactors at Low Power 


Effect of delayed neutrons on the kinetic behavior of circulating-fuel reactors at low 
power is not predicted by simplified circulation-parameter theory. Instead, reactor 


periods can be calculated by finding eigenvalues of a system of differential equations 


By JOSEPH A. FLECK, Jr. 
Brookhaven National 1 
if plor \ ¥ 


KINETIC. BEHAVIOR 
lating fuel 


the fact that delaved-ne 


reactor 


ire swept with the fue 
vchanger, where 
issre emitted and lost t 


The etlect 


Arbitrary Velocity 


Only one group 
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core length 

constant 

delayed-neutron emitter 
density 
length of 
loop 
neutron lifetime (2,7)! 


heat-exchanger 


infinite multiplication con- 
stant 

value of & that makes reac- 
tor just critical without circu- 
lation 

diffusion length 

value of L® for the critical 
stationary reactor 
migration area 


constant 


Symbols 


n neutron density 
P = probability that a neutron 
will be emitted in the core 
probability that a delayed 
neutron is emitted at the 
point z in the core 
circulation velocity 

w+ A)/ 
time 
neutron velocity 
displacement 
axis 

imaginary part of complex 
solution to Eq. 7 

fission yield of delayed-nevu- 
trons emitters 
one-third critical 


plzjdz 


f 


along core 


buckling 


for stationary case 

real part of complex solu- 
tion to Eq. 7 

increment in / 

increment necessary to 
make reactor critical under 
circulation conditions 
average number of fast fis- 


in / 


sion neutrons emitted as a 
result of capture of one ther- 
mal neutron in the fuel 
emitter decay constant 
reactivity 
macroscopic 
cross section 
neutron age 
reciprocal period 


absorption 





nish identically to satisfy the 


conditions. Hence we look 
- of a inthe formr 7 + 2, 
) a 

when sinusoidal form 
we obtain for » 


used 


lO and 11 in the 
gs. S and 9 
neal 

Vo, and A 
the determi- 


equa- 


vanish. Ex- 
int vields the 


define an infinite 


Kquations 12 and 7 
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set of discrete eigen-values w in terms of 


the reactor parameters, and in pring iple 
behavior can be 


the reactor’s kinetic 


calculated for any set of initial eondi- 


tions by employing the appropriate 
combination of the eigen-func- 


and 11. Fon 


linear 


tions in Eqs. 10 small 


reactivities, Eqs. 12 and 7 vield a single 
| 


positive value of w together with an in- 


finite number of negative values ()f 


course, the negative components will 


decrease steadily with time, resulting 


In asymptotic expressions of the form 


ol qs. 10 and Ll ton th neutron and 


densities. Since only a small 


emitter 
proportion otf the neutrons are ce laved 


circulation can se but small devia- 
, 


tion from the 2 ron densitv’s usual 


sinusoidal shape 


But the shape of the 


emitter densit might undergo 


siderable distortion 


Infinite Velocity 
As g approac! 





Values of €) in Units of / 


0. 568 
0) 600 


0 661 





Now. tor large f 


\B/ 


Hence 
dropped hq 


when 


} sin 


+ 


equations 

set of eigen 
tivities, w will | 
Infinite mumber 
Phe limiting form of 


n \ 


( 


Circulation Parameters 
The effect of circulation is frequent 

taken into account b 

value of 2 in the 

Kinetic equation 

is Obtaimed by 

Intion parameter 

rived in the toll 

be the neutron 


Then 


unity 


dz 


is the probability that a neutron will 
be emitted in the core at the point 2 


The two integrals on the right side rep- 
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resent the contribution from emitters 


produced behind and in front of the 
The factor 
the summ 


tions of series that sum the probabili- 


point z, respectively. 


front of the integrals are 


ties of emission alter any of an infinite 


pP Is then obtained 


over the core lengt!} 


number of passes; 


by integrating p(z 


Pr [ p(z)dz 
JO 


If n has the form 


) 


2a 7) sin (tr 


then 


(Aa my 
{1 t (Aa 7 
1 {i+e”" 


P 


assume that the effectiveness of 
ived neutrons varies with posi- 
in Hq. 15 must be multiplied 
weighting factor; if, for exam- 


e weighting factor is sin (mz/a 


The 
obtained from Iqs. 2 and 4 by putting 
0 and substituting BP for B 


modified inhour equation ean be 





2) 
on 


C12 oie 


Reciprocal Period,w (sec™') 





02 


Increment in k, 


03 04 
€ (in units of kG) 











FIG. 1. 


Inhour curve (q 


0) and curves calculated from detailed theory 





Detailed | 
theory 


Approximote 
theory 


Reciprocal Period, w (sec™') 


02 . 
Increment in k, € (in units of k B) 








') 


(sec 


Detailed theory 


Approximate theory 


Reciprocal Period, w 


a  §€©@60— 
Increment ink, € (in units of k @) 











FIG, 2. 


proximate theories when q a 
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Comparison of detailed and ap- 
0.1 


FIG. 3. Comparison of detailed and a 
proximate theories when qa x 


3M*B,? — 1. ForP 


IS is the standard inhour equa- 


with p k 
1, Kq 
tion for 


t stationary reactor. 


Numerical Results 

Because of the complicated depend- 
ence of w on the reactor parameters in 
the detailed theory, it does not appear 
feasible to this 


the 


express quantity 
ken — 1. 


It is convenient instead to calculate w 


terms ol reactivity p 
as a function of k. 

It is necessary first to determine the 
This is 


value of k for which w (0). 


done by setting 


A 


is defined as the value of the 
that 
under consideration 
Then, 


q ol the circulation velocity 


where k 


infinite multiplication constant 


makes the reactor 
just critical without circulation. 
il a Value 
is assumed, Eqs. 7 and 12 can be solved 
When € 9 is known, 


for €, by iteration. 


we put 


and calculate w as a function of € again 
and 12. Ou 
requires us to introduce the explicit 
variation of M? with k. We 
this dependence to be of the form 


from lugs. 7 model also 


“assume 


M? 


But whatever dependence of M? on k 
we assume, it should have no qualita- 
tive effect on the calculations’ results. 

The table lists values of €, with 
ky = 2,8 = 0.0076, and \ = 0.08 (the 
reciprocal of the average mean life for 


the U emitters). Making use of 


and formulae for solution of a cubie 
equation together with Eq. 7, we see 
that y, B 


Hence, from Kq. 12 it is evident 


and a@» are proportional to 
l a. 
that w is independent of a, and the re- 
maining relevant parameters are g/a 
sec and l/a. 

function of € are 


0 and for the 


Curves of @ as a 
| jor q 
cases in the table except for g/a = 1, 
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given in Fig 





in which case 


they 
from the curves for infinite 


are hardly distin- 
guishable 
velocity. This means that for certain 
velocities of practical interest the infi- 
velocity can be 


nite approximation 


used with accuracy and considerable 


in labor. 


saving 

The behavior of the curves for qg/a = 
0.1 is surprising because they show in 
places a steeper rise than the corre- 
sponding infinite velocity curves. Since 
the probability of delaved neutrons be- 
ing emitted in the external loop is a 
maximum for infinite velocity, the min- 
imum possible effect of delayed-neutron 
The 


Fig. 1 can be understood, 


damping would be expected. 
anomaly of 
however, if we assume that delayed 
neutrons have a different effectiveness 
according to where they are emitted in 
For 
most of the delayed-neutron emitters 
are bunched the 
core—this results in low average effec- 
On the other hand, the emit- 


ter distribution for infinite velocity is 


the core. certain finite velocities 


up well forward in 


tiveness. 


flat, so that it can sometimes make up 
effectiveness for what it 
In fact, if w did 
not depend on the shape of the emitter 
density, 


In average 
lacks in amplitude. 
we would expect the la = 0 
curves to coincide with the curve for 
lia 


must be a point at which 


0. Obviously, as becomes 
there 
delayed neutrons becomes 


» that the infinite velocity case 
must be the one with the lowest damp- 
This tendency is indicated in Fig. 
curves for a sufficiently low 
ll lie entirely to the right of 
elocity curves 


Comparison 


2 and 3 the results of the de- 

y are compared with results 
ipproximate Eqs. 16 and 18, 

As would be expected, the approximate 


curves exhibit no anomaly, since Eq. 16 


lated without benefit of a weight- 
ctor. This not 
| by weighting P with sin (74z/a) 


situation is 


or even with sin? (wz/a). 


q Lé 


lues of P thus obtained might | 


crease faster with increasing q than 
r the unweighted case, but they do so 
In fact, of the three 

16 seems in best agreement 

infinite 


theory lor 


esses appreciation to Jack 


Che vinating discussions, and to 


Mrs. Edna Shelton for 


mn 
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assistance in the nu- 


cal wo - 


VICTOREEN POCKET DOSIMETERS 


DIRECT READING CHAMBERS 


Obtain a roentgen reading of accumu- 
lated radiation in a space of a few 
seconds with direct reading pocket 
chambers. Used increasingly by the 
scientist, radiologist and technician, 
only this type of unit gives im- 
mediate, on-the-spot reading of 
exposure. It is especially suited 

for those working continuously 

with larger sources of radiation. 
Chambers are charged by in- 

sertion in the battery-charger 

unit, Model 561, shown. 


FEATURES: Accuracy... 5% Full 
Scale * Hermetic Seal * Built 
To Military Requirements For 
Temperature, Accuracy, Drop- 
Testing * Linear Scale * 
Maximum Leakage...2 % 24 
hrs. * Energy Dependency 

-. =10% of True Dose 

from 0.08 to 2.0 Mev * 

Size Yo" x 4". 


INDIRECT 
READING 
CHAMBERS 


Victoreen Chambers 

accumulate roentgen 

exposure while worn. 

Dose or exposure is read 

daily on the charger-reader 

unit, Model 287 Minometer, 

and recorded. After reading 

the dose, the pocket chamber 

is readied for re-use by re- 

charging with the charger- 
reader unit. 


The two-to-three week delay in 
obtaining readings, inherent with 
film badge use, is eliminated. One 

year's rental of film badge service 





for 6 persons exceeds the cost of 
outright purchase of a Minometer and 
six chambers. 





CHAMBERS 


POCKET CHAMBER 
STRAY RADIATION 
STRAY RADIATION 


SIZE 
5Y," x V2" 
4," x o* 
6%, “ x 4," 


RANGE 


0-0.2r 
0-0.01r 
0-0.001Fr 























bokelite wall 
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5806 HOUGH AVENUE ¢ CLEVELAND 3, OHIO 
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CROSS SECTIONS 


Nomogram for Nuclear Reaction Calculations 


By F. J. M. FARLEY s the ratio of parti le energ 
fuckland University College n tl boratory trame to that 
luckland, New Zealand Ce] f iss frame 

<6 or 7 come off the se 

to divide or 
In the analysis of nuclear reaction thie ilue of A’ (obtained from 

it is often necessary to relate 1 pa his changes the answer 
ticle energy, direction, and inte 
the laboratory frame of reference to the e 7, o1 ' use the points 


corresponding quantities in the cer ! ead of tl pont 90; the answ 


of-mass frame. This mav_ be re thie I multipli corresponding 
rapidly with the nomogram pi 

The particle velocity in the cente he inl value of & is outsid 
of-mass frame is taken as know? na i tl loOmos n. | gq. 2 
also the velocity of the center of 1 : ( ly a slide rule and the ¢ 
itself; the ratio of these velocitic¢ / biol mpl “don the chart 


or a given laboratory nnete 


Sample Calculations 


givesa@. Mquations 3and 41 
mine the center-of-mass e @, and \ n example, the calcu 
the angle 3g Lines 5 and hen g neut from the D + D re: 
the particle intensity pb) in the lab 600-kevy bombarding enerey 

oratory trame, assuming ! trop r lr first step is to 
distribution of particles (1 per ur the eners nd velocity of the 


ingle in the center-of 








at 600 kev (neutron energy 


Further Example 


Li> at 1 Mev (Li* energy 
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by the nomogram); Intensity reac hes a high peak as @ ap- 
deg. Some energies and proaches 35 deg 
calculated for this reaction, 
BIBLIOGRAPHY 


am 1. ©. E. Mandeville, J 
wluded in the table. The 1947) 
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NUCLEAR REACTION NOMOGRAM for relating particle energy, direction, and intensity in laboratory frame of reference to corresponding 
quantities in center-of-mass frame. Graph at upper right indicates use of chart (if | or E Ey comes off scale, multiply k’ by 10 or 0.1) 
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«Cobalt -60 holder 
Leod shutter 


n Thimble chamber ‘ - 
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Compression spring 


p-Chamber - support block 











SHIELD is steel pipe filled with lead and welded to steel plate at one end. 
Block holding chamber rides on 
Source holder is secured by two screws inserted into lead shield 


pendulum shutter. 
ber is held by compression spring. 


Cobalt-60 Unit 


for Checking Thimble Chambers 


By E. DALE TROUT, JOHN P. KELLEY 
and ARTHUR C. LUCAS 

Y-Ray Department 

General Electric Company 


Vilwaukee, 


MW tSCONSLN 


A simple unit utilizing 14 me of co- 
balt-60 was constructed for periodically 
checking thimble chambers used with a 
Victoreen r-meter. 

The source consists of two pieces of 
Co wire, each approximately 1 em 
1 mm in diameter Bef 


activation, the wire was gold plated to 


long and 


reduce scaling after irradiation 





Nuclear Emulsion 
Instability 


By J. S. CHEKA 
Health Physics Da 
Oak Ridge National Laborato 
R dge, 7's NHESSCE 


sion 


Oah 


Because of their low photon sensiti 


itv, nuclear films have been considered 
aus a supplement to X-ray type films to 
increase the dose range of 2 film dosim 
eter. A> high-range dosimeter ild 
be useful in ease of accidental high 
exposure. 

A troublesome characterist of nu 


clear emulsions is the latent image in- 


58 


For the past two vears the unit has 


heen used for checking some 30 cham- 


bers Typical chamber readings are: 


») 


11.6 r for 5-min exposure of 25-r Bake- 


lite chamber, 61.0 r for 20-min exposure 
of 100-r Bakelite chamber, 177 r for 
60-min exposure ol 250-1 sukelite 


chamber, and 180 r for 60-min exposure 

250-r Nylon chamber. To 
the effect of material, i.e., 
Nylon or Bakelite, copper was used for 
the 


reduce 
chamber 
source holder and to line the ex- 
itv. 


radiation ts 


posure Cay 


Stray less than 6.25 


mr hr at 20 in. from the source. 


Piece of lead 1!, 
14-in. steel rods; V-cut in block and plate on front of block position chamber. 





in. square and 1%, in. thick is mounted as 
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SOURCE HOLDER is U-shaped piece of 
copper; holes in holder are pinched closed 
after inserting cobalt wire 








stability CGallimore* noted that fog 


to gamma radiation faded faster 


clue 


than particle tracks when such emulsion 


vas exposed to mixed y and neutron ra- 
cdhiath and he delayed development 


to 


Ts, 


suppress gamma fog. Special con- 


sideration must be given to this latent- 
Image instability in the use of nuclear 
emulsion for gamma measurement, 


\ series of NTA films were exposed 
to 100 r of Ra y-radiation, then devel- 


oped after various periods of delay. 
The resulting diffuse densities as me:s- 
on an Ansco densitometer appeal 


the time of exposure 


lished 





is known, as it would be in case of a 
migajyor ecident, the instability of the 
latent image would not be a drawback. 


wide 
batches 


testst have shown a 
range of y-response in several 





of nuclear emulsion, so that calibration 
of each batch is essential. 
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FADING of y-produced density in NTA 
emulsion 
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This story ts wrapped up in seven packing cases. They contain the 
seven sections of the USAF B-61 Martin Matador pilotless bomber. 

It is the story of one of the most tradition-shattering pieces of hard 
ware in this world... a zero-launch pilotless bomber that can be 
deployed to any spot on earth — without having ever been previously 
assembled —and with total interchangeability of parts. 

Jo realize fully the importance of this package job, you should know 
these things: 

.-» Phe Matador meets performance requirements more exacting than 
those of a fighter plane. 

... Its instrumentation section alone is one of the most functional single 
packages ever deve loped. 

Tt is built by new Martin-developed processes that are causing basic 
changes in industry concepts and production methods. 

... And it is beine delivered at the lowest known cost per-pound of any 
military aircraft in production today. 


You will hear more about Martin! 
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FIG. 1. Cross section of insect sterilization facility showing sample container raised about 


2 in. above exposure position 


A Gamma-Ray Source 


for Sterilizing Insects 


By E. B. DARDEN, Jr., E. MAEYENS,* k requiring good  dosimet 
and R. C. BUSHLAND} performed 
Biology D or Che source successfully meets the re 
Oak Ridge National Labora juirements of maximum irradiat 
Oak Ridge, Tennessee i SIZE ind amount of ¢ 
thin limits of portability and reason 
A cobslt-60 irradiation init Ww le cost without violating accepted 
constructed for sterilizing sere list safety standards, delive 
fly (Callitroga hominivora eal it 12.000 r/hr/ liter of mater 
as aresearch instrument fe ting : init eighs less than 2.500 
other insects and insect-infeste t e transported by truck « 
rials Since a source of th { e need = t current prices, can probal 
to be calibrated at rare inte t tructe or less than $4.500 It 
particularly useful wher lo at ORNL. and install 
Orlando I Laborato f the 
* PRresenr Appress: M I) : : 
W349 Plant Carbide and Carl ‘ Int ogy Rese h Brancl 


Co., Oak Ridge Is 


utill 


it 


Peace Avwnnes: Bat Control by Sterilization 


Zing radimith 


sures ine { 


largely experimental (/ One project 
that shows considerable promise is 
being carried out by the Entomology 
Research Branch of the U. 8. Depart- 
ment of Agriculture against a livestock 
pest, the screwworm fly. The losses 
caused by screwworms amount to mil- 
lions of dollars annually in the. south- 
western and southeastern States In 
the southeast in average vears, screw- 
worms survive the winter only in 
Florida The USDA is conducting 
tests to determine whether such an 


isolated population of screwworm. flies 


ean be eradicated through release of 
large numbers of infertile insects. 
Under cage conditions, male screw- 
worm flies mate repeatedly if virgin 
females are available, but female flies 


mate only once. Bushland and Hop- 


verformed laboratory experi- 
showed that irradiation of 
pupae with 5,000 r of X-ravs causes 


J 


sterility in adults but does not mate- 
rially affect their mating habits. If a 
normal female were mated with a 
sterilized male, she would lay only in- 


fertile eggs In cage tests with mixed 
populations of sterilized and normal 
insects, the ratio of infertile to fertile 
egg masses produced by normal females 
Was proportional to the sterile ‘normal 
ratio in the male population. Bush- 
land and Hopkins (38) also found that 


X-ravs ind Co 7-ra s produce similat 


USDA small-scale field) tests in 


Florida lent support to the laboratory 
findings 1). When sterilized male 
SCTECW rl flies were rele ised on San 


bel Island at the rate of 100 per square 


mile pe eek, the majority of the e; 


I l 1) Vid eminties on 
vounded goats failed to hateh, while 

CLE ( SiThiital eorected im con- 
tro ( ere ilmost 100°) tertile 

The natural population of flies on 

Sanibel Island declined rapidly, as indi- 

ited ereat reduction mm numbers 

ol eye musses deposited Che island 

at ifficientl soluted to prevent 

py ! a ho i ert Zed 1e@- 
diacent untreated areas 

{ t known whether eradication 


been attained had the tactor 


n been « nated Phe 
ent ess of t eld tests 
ist ifie ( ents o1 ver scale 
t t C CONCLUSIVE t on the 
‘ ting ited popu 
t ( ( Itnumibe 
¢ the natural male population throug] 
t is release of ste zed insects 
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over a period of several generations. 
For the field work summarized, the 
flies were sterilized with either X-rays 
s from an 11-curie distributed- 
source supplied by the ORNL 
X-ray 


though suitable for laboratory studies 


ol Y-1 i\ 
tvpe Co 
Biology Division. sources, 
and small-scale releases of insects, are 
quite expensive for the mass produc- 
tion of the millions of sterile individuals 
The 


success attained with the small source 


required for large-scale releases. 


indicated that a similar device with a 
and a few 
the 


convenience of handling would be satis- 


suitably larger capacity 


minor modifications to increase 


factory and probably not too expensive 


for the expanded work, 


Entomological Requirements 
Screwworm pupae are easily handled 
and, for sterilization, can be poured 
into a suitable container much as one 
would handle grains of wheat, although 
are larger (9-10 ¢m® per 100 
The 
about equ il to that of water. 
It has 
rear as many as 100,000 per week, but 


the pupae 


insects pupae have a density 


been a common practice to 


field ex 


is 1,000,000 


periments May require as many 


sterilized insects each 


week The combination of source 


capacity and dose rate should be such 


that one man working full time could 
with 5,000 r) 1,000,000 insects 


25.000 hr. 


sterilize 
10-hr week. or 


ce Was also to be used as a re- 


Since 
instrument, it was to be of 


flexibility to permit irradia- 


other insects or insect-infested 


mater ils 


Source Description 


Po obtain the desired sterilization 


ite, the initial strength of the source 
least 
» sterilizing doses to be delivered in 

ur to approximately SOO or 900 
pupae pel dose. It 
about 70 


to be such as to permit at 


was esti- 
( ‘(60 


would provide the necessary dose rate 


cm Ol 
mated that curles ot 
nd provide for uniform intensity over 
the irradiated volume. 

The major component is a lead-filled 
shell 


well 19 in deep containing the source. 


lindrical steel with a central 
This also serves as the shipping con- 
1). Around the open- 

is a collar 6 in. high, 

three doughnut-shaped 

incased in steel, 
the other. The 


are equipped with aligning 
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FIG. 2. Lattice arrangement of Co" 


slugs in y-ray source 


can be suspended by a 


Rach 


Irom 


pins. 


sling an overhead pulley and, 
when the shield is installed in its per- 
manent position, maneuvered into 
place by a long handle with a threaded 
end that the 


doughnut. need not be 


screws into one side of 


removed unless the facility is to be 


collar 


transported, at which time a large lead 
plug is inserted that seals off the well 
flush with the top. 

Fitting closely down inside the well is 
a 3!9-in.-outside-diameter open brass 
evlinder, 12 in. long, with walls '4 in. 
thick containing the Co®. The latter 
is in the form of !',¢-in.-diameter slugs 
distributed in a hexagonal lattice and 
held in long holes drilled parallel to the 
axis of the evlinder on six centers uni- 
the 


(Fig. 2). Small drain holes connecting 


formly spaced about periphery 
the holes for the slugs with the outside 
of the cylinder are provided to permit 
the the 


evlinder is to be loaded under water. 


escape of moisture in case 


The activity is distributed symmetri- 


cally with respect to the center of the 
evlinder with a somewhat higher con- 
centration terminally to minimize as 
much as possible the natural attenua- 
tion of the radiation field near the ends. 
A total of 18 slugs are used, the longi- 
tudinal spacing being established by 
the depth of the hole and by inserting 
metal spacers. On a given center, one 
1,-in.-long slug of approximately 5 
curies is located with its center 4!» in. 
from the end of the brass cylinder, one 
14-in. slug of 4'9 curies, 1!5 in. from 
The 


versed on alternate centers. 


the opposite end. order is re- 


The container in which the insects 
are irradiated is a heavy-walled alumi- 
the 


14 in.; walls, '4 in. 


num eylinder with following di- 


mensions: length, 
thick; inside diameter, 2's in.; volume, 
900 em’. The slightly 
tapered on the lower end to facilitate 

It is es- 
should fit 


outside is 


its insertion into the source. 
that the 
into the 
Ieo-in, Clearance is provided. 


sential container 


loosely radiation source, 
About 
A threaded steel plug serves both as a 
top for the container and as a radiation 
shield when the container is down in 
the source. A light chain and over- 
head pulley arrangement provided for 
manipulating the assembled container 
and plug enables one man to carry out 
the irradiation procedure. 

The distribution of radiation inten- 
sity in the source approximates that in 
a thin, uniformly radioactive cylinder 
(5). The dose received by biological 


material irradiated in the aluminum 
container was calibrated with a thim- 
ble-tvpe ion chamber (6) in the follow- 
The 
filled with a polystyrene phantom was 
the 


measurements, 


ing manner: aluminum eylinder 


lowered into position, 
Jonization the 


chamber thrust into the polystyrene 


exposure 
with 


insert, were then made along the axis 
of the eylinder. Polystyrene closely 
approximates ‘wet tissue”’ in its elec- 
tronic density and stopping power (4). 
The dosimeter consists of a chamber 
with a 2-em cavity volume constructed 
essentially of polystvrene attached to 


With 


the irradiation cavity buried, as it were, 


a probe of the same material. 


in a polystyrene phantom, the radia- 
tion energy absorbed in the immediate 
vicinity was determined directly by 
applving the Bragg-Gray principle. 

A relative exploration of the field in- 
side a Lucite phantom filling the space 
inside the aluminum insert was made 


with a Victoreen r-meter. The phan- 
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FOR MEASURING 
RADIOACTIVE 
EMISSION 


PRECISION IONIZATION METER 
(Failla Design) 


This complete measuring instrument is 
designed primarily for null methods of 
radioactivity measurement where back- 
ground radiation effects must be elimi- 
nated. It consists of a heavy stand sup- 
porting twin spherical ionization cham- 
bers, Lindemann Electrometer with il 
lumination and system, to- 
gether with standard and 
voltage supplies. 


Other CAMBRIDGE Instruments 


projec tion 


condenser 


LINDEMANN- 
RYERSON 
ELECTROMETER 


has high sensitivity and good stability 
Does not require leveling. When reading 
the upper end of the needle is observed 
on a scale illuminated through a window 
in bottom of case. Size 8.3 x 6.5 x 3.5 
cm. Weight 0.17 ke 
OP, . 
CAMBRIDGE PORTA- 
BLE PROJECTION 
VIEWER Chis new 
Projection Viewer, 
used in conjunction 
with the Linde- 
mann-Ryerson Elec- 
trometer, facilitates 
observation of the 
deflection of the electrometer pointer. A 
beam of light from a lamp in front 
of the case projects the image of the 
index pointer onto a mirror in the rear 
of the case. This image, magnified 100 
times, is then reflected upon a _ trans- 
lucent screen, clearly visible in the front 
and upper part of the case. This screen 
is 120 mm. long and is divided into 120 
divisions numbered 60-0-60. The px 
is zeroed by grounding the electrometer 
by means of a rubber bulb 
“CHANG and ENG" FAST NEUTRON DETEC- 
TOR follows closely original design of 
U. S. Atomic Energy Commission. Con- 
sists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope 
and dry cells. Self-contained 
GAMMA RAY POCKET DOSIMETER is a pe: 
sonnel monitoring instrument to measure 
cumulative exposure to gamma or x-rays 
over a given period. Contains an ioniza- 
tion chamber, a quartz fibre electrometer 
and viewing system. 


inter 


Send for complete information 
CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of 


3774 Grand Central Terminal, N.Y. 17, N.Y. 
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, 
Precision Tastruments 


Lucite 

one fitting eccentrically in- 
other. The Victoreen cham- 
fitted into a also off 


in the inner cylinder so that by 


m Was composed of two 

linders 
side the 
er WAS Cavity, 
centel 


rotating it inside the other cylinder the 


f the dosimeter could be displaced 
has 5¢ in. from the source axis. 
way the field inside the region 

hus mapped out over a range of depth 
in. above and below the 


center of the source) WAS demonstrated 


Varlations in intensity 


Sess ho 


3% of the mean, while 


min | 
iiation along the axis only 


>. We regard this 


Wiis 
ed to t+ 6 < 
iniformity as surprisingly low in 
the economy and simpli ity ol 


of the source 


Safety Considerations 


In use, the facility is housed in a 
rete shed separate Irom the main 
gical laboratory buildings. A 

te base elevates the shield 16 in. 

e the floor so that the opening in 
high It is 
for the operator to be 


ser than 5 ft to 


op is about shoulder 
necessary 
carry out nor- 
The lead 
doughnuts around the top opening are 


With 


n place and with the plug re- 


ial oper itional procedures. 


il for safe operation 


moved, the radiation level in the work- 
ing space up to within about 3 ft of the 
shield was below the accepted tolerance 
10 mr/hr) for working 


value an S-hr 


day. 

To add an additional safety factor, 
lead bricks were stacked up around the 
height of S in. and 


into place. 3y 


collars to a per- 


manently strapped 


this procedure, the radiation level in 
the room during loading and unloading 
procedures was rendered essentially 
negligible ex« ept for the region directly 
over the shield. A small component 
found to be leaking through around the 
three retaining pins in the side of the 
shield was reduced to insignificance by 
capping the head of each pin 


lead brick 


with a 


* 
The vo at Oal 
lfomu 
acknowled 
Sheppa 
of the 


BIBLIOGRAPHY 
W 


Simple Efficient Shield 


for Well-Type Scintillation Crystals 


By JOHN W. IRVINE, Jr. 
Chen {, and Labo alo 


Vassachusetts Institute of Technology 


Department ot 


ervstals * for scin- 


Nal( TI 


ounters are 


We t pe 
tion « ideally suited for 
itine analytical use in tracer 


experl- 


INVOIVINEG 2aMmMmMma-rav OT high 


beta-ravy emitters. Counting 
jes are usually solutions and neces- 
mounting the crystal in 


The shield 


is designed to reduce the 


position. deseribes 
back- 
a crystal 

ody of the shield is a 10-in. 


steel tube to whi 


d in such 


é-1h o.d 


has been welded. Cdn ne side 


id. heavy-wall steel 


Several small studs 





ded on the inside of the case and 


1 


with a 2!.-in. bore and 


2-in. Walls 


for the shield consists of a 
is shown with «a 2-in.-thick 
In. 

steel rod welded to the side of 
» rotates in the tube on the side 
od The end of the bearing 
iton a slight angle to provide 
ned plane for a portion ol the 


ized on the rod In this way, 


rotated around the axis of 
is lifted approximately 


ding adequate clearance tol 
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SHIELD for well-type counter 





The yuinting head, consisting of 

stal, photomultiplier, socket, resis- 

s mounted in a brass tube 

wosely in the center hole of the 

‘his assembly is held in place 

oned vertically by a set screw 

gy fastened to the bottom 

f this design uses less lead 

‘castle,”’ provides secure 

the crystal-photomulti- 

bly, and makes easy access 

mple position possible without 
weight of the top. 

vy the Nal(TI) ervstals has a 

pronounced effect on the 

| than similar shielding on a 

Jecause of the very 

wy for detecting relatively 

romagnetic radiation, natural 

in materials of construc- 

a much larger contribution 

mie radiation to the back- 

Thus 2 in. of lead reduce the 

d of a typical end-window 

suunter to one-third the un- 

ue, but the same amount 

duces background of a stand- 


crystal to !y9 the un- 


* * 


as supported in part by the 


Energy Commission. 
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When Contact Reliability 
is most important... 


...another addition to the many 
types of Phil-trol Relays... 


Rugged dependability plus high 
sensitivity have made this new Phil-trol relay an 
immediate favorite with engineers and designers. Its 
compactness and adaptability to a wide range of 
applications and uses provide new answers to the 
many complex problems confronting clectronic and 
control engineers 

Unusual features of the new 8QA relay include 
immediate response; fast closing and opening; contact 
springs with twin contact heavy duty, long-life 
bronze bearings; light we 

Like all standard Phil-trol relays, the BON is avail- 
able in a wide range of modifications. Coils may be 
single or double wound, and cquipped with copper 

{ 


slugs or sleeves for slow lease or for slow operation 


In all probability, there is a standard Phil-trol 


relay, or variation, to meet your specific need. Phil- 


trol engineering experience and design facilities are 
available to help you solve any new application 

. 4B0A Power Relay 
problem. 


IQA Relay 


‘os 33AC Relay 
ps Hermetically 
a Sealed Relay 
SIDE VIEW 
Actuators 





r 
Carr — 
‘ ; 


; 2-HQLES 


PHILLIPS CONTROL CORP., 
Dept. N, Joliet, Illinois 


END VIEW 


| 
aaah i275 — 


Phil -trol 


1S THE REGISTERED TRADE MARK OF 
PHILLIPS CONTROL CORP. 
JOLIET, ILLINOIS 


A THOR CORPORATION SUBSIDIARY 
OFFICES IN ALL PRINCIPAL CITIES 


Please send me a free copy of the new 
Phil-Trol Relay and Actuator Catalog 
Also, please arrange to have a Phil-Trol 
Sales Engineer call on me. 

Nome 

Company 

Street 


City__ . Zone____ State___ 


Want more information? Use post card insert in this issue. 63 





NUCLEAR ENGINEERING 





Compartments — — —— —-\ 
Fe-Ni hollow cubes — “\ 

U fuel slobs — — “~\ 
Control disks — an 
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TYPICAL REACTOR DESIGN described in Swiss patent 233011 indicates that devices for 
using nuclear energy were being conceived in 1939 


ls This the First Reactor Design? 


As early as May 1, 
months after the announcement of the 


1939, just five The that a light 


the fissioning 


inventors found 
substance arranged neal 
would slow the emitted fast 
that 
sions Ina Chain-reacting process 


After re 


liberated 


discovery of fission, a reasonable idea uranium 


for a nuclear power reactor was set neutrons so they would cause 


step toward a more fis 
Included in 


deset iptions of the 


forth in writing as a 


patent application. viewing possible fates of the 


application are neutrons, the patent states 


functions, importance, and = relation- that, by proper arrangement of moder- 


ships of fuel, moderator, coolant, and itol fuel, reflector, and absorbers, a 


control elements. Tllustration above continuous energy-liberating chain re- 


shows reactor cited as an example of vetion ean be established that will not 
the principles stated in the application 

The patent is 
that the United 


monopoly of ideas in the fie 


result in explosive dismemberment (it 
another indieation might be 


States has had no hat 


assumed that this also impli > 


in explosive process) can be 


ed Thus, a stabilized reaction 


tors, even during the infane hes usable energy from. trans- 


work for similar indicatior mutation of the fuel. An example of 
see NU, Sept. 53. p. 76). l an 
The National Center 


Research, Paris, 


the Swiss patent on 


energy 
energy-transforming device 
rates a practi al application of the 
France, applied 

April 19, I t ssl wn in the figure, the proy 
June 30, 1944 
19359, ment ict 


} 
OSed 


consists of 


granted 
priority to May 1, 
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Was 36 long compart- 


containing six 5.9-in 





iron-nickel 


tween cubes and 


cubie boxes. SLNLCeSs he- 
compartments are 
An inert 


culates in the fuel chamber 


occupied by uranium slabs. 
vis (‘() Cl 
to prevent oxidation of the uranium 


Hea VV-“W 


coolant by 


ater moderator (99.6% pure) 


acts as being circulated 
through the boxes to heat exchangers, 


back to 


High-pressure normal water 


from which it is pumped 
the core 
picks up heat 


transfers the energy to turbines. 


in the exchangers and 


contained in 
that is 
reflector 
sisting of iron bricks stacked to a thiek- 
Refractory bricks 


stacked beyond the reflector serve as 


The compartments are 


a 43-in. cubie iron box sur- 


rounded by a neutron con- 


ness ol about IS in, 


thermal insulation. The entire assem- 
bly is surrounded by a radiation shield 
(not shown on figure). 

A Ra-Be neutron source located in 
center aids in starting the 
ontrol 


the core’s 


reactor ( mechanisms consist 


of electric-motor-rotated rods on which 


are mounted sheet-metal disks. Sec- 


tors of the disks are covered with neu- 


tron-absorbing cadmium. Rotation of 


rods causes varving amounts of ead- 


| 


mium to be inserted between the core 


compartment walls-——thus controlling 


the powel level, 


A safety feature based on a negative 


temperature coeflicient of reactivity 


ean be introduced. The concentra- 


( ore’s 


tions and distributions of the 


constituents can be such that changes 


caused by heating above a certain 


stabilization temperature stop the re- 


actor Because of this, and the fact 


that neutron leakage and cadmium’s 
neutron absorption increase with tem- 
perature the reaction can be controlled 

li it a moment, the 


produc { a exceeds that 


eertain 
carried 
re temperature rises and slows 
reaction: the core cools until 
Is rea hed, 


a ana the 


lization temperature 
raceelerates aga 


300 Mw of heat is removed 


etor when it fueled by 

of uranium and cooled by 
190 gal of 1,320-lb in? D.O circulating 
min with a maximum tem- 


F and 68° F 


at 3,180 gal 


perature of 610 minimum, 


<0 deseribes 


The patent application a 


materials and configurations 
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Kither uranium or thorium, or a mix- 


ture of the two (as solid, liquid, us, ol 
compound) can be used as fuel. 
Hydrogen 


bon, oxygen, paraffin, ordinary water, 


helium, beryllium, car- 


heavy water (or other deuterium 


npounds) are suggested us possible 


mderators Heavy water distributed 
nall volumes within the uranium 
vgested as the best moder- 


When used as a 


rangement. 


gas or vapor, the moderator’s pressure 


varied as a means of reactor 


The reflector can be made of 


can be 
control. 
lead, beryllium, or caleium carbonate. 

Control 


cadmium or 


can be 
other 
either 


accomplished by 
neutron absorbers 
homogeneously — or 
These 


serted in the core in the form of plates, 


arranged 
heterogeneously. can be. in- 
impregnated solutions, or powders. In 
addition, moderator can be removed o1 


added excessively, or the core can be 
made in two assemblies whose separa- 
tion distance is varied. 

The heat-remoy Ing agent can be used 
as a vehicle to introduce materials tak- 
ing part inthe process. The document 
also mentions the need for fission-prod- 
uct removal and refueling and states 
that 


many 


radiations from the core have 


applications, particularly in 


medicine. 





Determining 


Nuclear Fuel Requirements for 


Large-Scale Industrial Power 


By JAMES A. LANE 
Oak Ridge National Laboratory 


Oak Ridge, Tennessee 


quirements of fuel plus fer- 
lin the projected industrial 
ver program will be approxi- 
he same over the next 50 vears 
he plants use breeder reactors 
re efficient of the nonbreedet 
ter reactors.* 
cause the fertile material 
xpanding system in the 
inventories constitutes 
total 


these in- 


fraction of the 
And 
re or less independent 

Moreover, the fuel 


rements ol 


rement. 


breede 
higher than for con- 
these 
have to be supplied 


and initially 


uurees rather than by 
us converter reactors re- 
material to initiate a 
program than breeder 
U.S. mate- 
various nuclear 
ire presented as ana- 
t ( essions that closely approxi- 

mate est tes made previously.* 
Growth of electrical capacity. It 
ed that the installed elee- 


capacity. will) increase 


the next 50 vears,7 
he represented by 
\Iw in- 


O45 vhere C 
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* tem. 


stalled capacity after 7 yr, and C, 
Mw installed capacity at 7 0. 
Taking 7T = 0 in 1960, T vr after 
1960 C will be 131,000 (1.0437 
Annual additions to electrical sys- 
The annual additional capacity 
T vr after 1960 is 
differential of the above equation, on 


found from the 


AC 5, 5006 1.043 
Annual additions to nuclear system. 
Assuming first, that there SOO 


Mw of installed nuclear 


will be 
electric capac- 
it half of all 
2000 will 


itv in 1960; and seeond, t 
new plants built in the vear 


be nuclear plants, the rate of growth of 


the nuclear system will increase thirtyv- 


fold in that period This growth rate 


can be represented in Mw/yr by 
AN 5OOCL.O9 


Installed nuclear electric capacity. 
The installed nuclear plant capacity in 
Mw at time 7 the inte- 


gral of the rate of growth as 


is found from 


SOO 4 [’ 5001 1.097) dT 


5.SO000 1.09 500 


1954 


in the 


= 6,12,12 
bone 
( New York 


Annual inventory requirements. 
The 


annually 


amount of material required 


tons vr) for enriched fuel 


and for source material inventories is 
Al tp +15) N 


where 7, fuel inventory per Mw in- 
stalled electrical capacity, tons natural 


blanket 


inventory, 


U equivalent per Mw, and ¢ 
or source material tons 
U2 or Th®*? per Mw. 

The value of ¢; depends on specific 
power, reactor type, thermal efficiency 
and efficiency of converting the U 


ay 


in natural uranium to Pu or U2s, 
Taking these factors into consideration, 
fuel 


breeder, 1 2.9 


one gets the following values for 
inventories: tor fast 
kg Pu Mw O.S natural 
U Mw; for thermal breeder, 7 O.S 
ke U23/Mw 0.2 short 

U/Mw. 


The value of 1 depends on the reactor 


short tons 


tons natural 


two 


heat 


geometry Le., one region vs. 


region) and on the amount of 
generated in the source material. In 
the case of thermal converter-type re- 
actors fueled with natural- or slightly- 
enriched uranium, the fuel and source 
material are combined and only one 
need be con- 


short 


ele > 


inventory requirement 


This 
natural 


amounts to 0.2 
Mw 


value ol ww, tor 


sidered. 
tons uranium pel 


The 


fast and thermal breeders will also be 


trical capacity. 


approximately 0.2 short tons of U** 
or Th? 

Fuel bred annually. 
fuel by 


per Mw, respectively. 

The produe- 
tion of new nuclear breeding 
depends on the breeding gain and the 
plant factor and is given by PN, where 
p is the fuel produced in kg per year 
Thus the 
number of tons produced per year at 


time 7’ is, 


per \Iw installed capacity. 


AP = pN pP|5,SO0(1.09% 1) 


+ 5OO] 


For assumed breeding gains of 0.4 and 
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SUPER HIGH PURITY °:.' Macid 


by the trouble-free 
magic of ion exchange 


Penfield Mono-Col- 
umn Demineralizer 
Model M-100, Purity 
of effluent: less than 
2 ppm. Flow rate 
60-90 gph. Dimen- 
sions: 14/2’ x 2’ x 7’, 
Features inspection 
window that allows 
easy inspection of 
crucial middle dis- 


tribution system 


Penfield Mono-Col- 
umn Demineralizer 
Model MA-1000. Pu- 
rity of effluent: un- 
der 1 ppm. Flow 
rate: 1000-1200 gph. 
Dimensions: 2’ x 5’ 
x 52’. Features 
automatic shut-off 
and signaling de- 
vices and fully auto- 
matic regeneration 
system. 





Penfield Dual-Col- 
umn Demineralizer 
Mode! UL-60. Purity 
of effluent: 5 to 10 
ppm. Flow rate: 75- 
100 gph. Dimen- 
sions: 2’ x 2' x 442’, 
Features self-con- 
tained stainiess 
steel control cabinet 
in which regenerant 
tanks are stored, 


READY TO OPERATE ON ARRIVAL! 


Available in a wide variety of 
mono-and multi-column models 
(flow rates from 10 to 10,000 gph), 
all Penfield Demineralizers come 
equipped with regenerant tanks and 
all necessary gauges, flow meter, 
conductivity meter, etc. On arrival 
at site, simply connect the com- 
pletely “packaged” unit to service 
lines and start receiving super high 
purity Penfield demineralized water. 


Any model Penfield Deminer- 
alizer may secured with 
automatic shut-off and signal- 
ing devices and a fully auto- 
matic regeneration system. 
Special control systems for the 
automatic maintenance of the 
purity of storage tank water 
supplies also available 





Write for fully descriptive catalog. 
PENFIELD M'FG. CO., INC. 
19 High School Ave., Meriden, Conn. 


Filters - Softeners - Degasifiers  Demineralizers 


PENFIELD “PLANNED PURITY” PAYS! 
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and thermal breeders enact s 


ively for fast breeders 


v 7 
13 kg/Mw vear; for thermal breeders B | V dl 
0.144 kg/ Mw vear 4167,.000(1.097 — 1 5.300 7 

rhe fuel doubling time is given by 

p. The net raw material required where b innual burnup per Mw 

ually for fuel inventories is equal Installed capacity, tons natural U pe 
» Al AP. After the time at which yr, for 300 days operation per vear. 
[ AP, all fuel inventories can be 


Values of 6 depend on the uranium 


ed from bred material and there — utilization, which is determined by 
hea surplus production of nuclear the neutron economy, fuel lifetime and 
‘ 


fuel 
that fuel is 


number of 


recycles Assuming 


Cumulative burnup in a converter. 


recycled after 5,000 
he umulative  burnup tons of \Iwd/ton, 6 is: O.SO when the initial 
itural | to time 7 in a converter regeneration ratio (clean reactor con- 





dioactivits 


Let us consider four stages in the 


Four Uses of a Zero-Power Reactor 


When interested in examining only the nuclear aspects of a design for a reactor 


ds that he can build a cheap nuclear mockup—also called a critical assem 


i zero-power reactor with no worries about te mperature, radiation dam- 


heat transfer or corrosion It is not necessary 


to contain pressure, confine 


or provide for thermal expansion or fluid flow. Yet the fruits from 


h machines are many. 


y development of a reactor: conceptual design, 


gineering design, manufacturing and operation 


During conceptual design, the service of a flexible nuclear 


Than kup one 
that can be rebuilt with different arrangements of fuel—is invaluable. Data 
most easily determined with such a eritical assembly include lattice parameters 
fuel 


re 


| 


e) 


i: 


nnels, shadowing effects of ad 


| loading, control rod plac ement and programming, temperature coefficient of 


etivity, and heat generation patterns. These numbers must be chosen before 


gineering parameters such as coolant flow and pipe sizes can be fixed 


Juring the very earliest stages of design, some of this work can be done on a 


CKUp Ol less than critical size when used with a standard neutron source such 


» radium-beryvllium gun. Such a subcritical assembly, or exponential experi- 


it, can save a lot of money but, of course, Is less versatile than a full critical 


mb] You will recall that more than a score of exponential experiments 


e built preliminary to the assembling of the first reactor in Chicago in the 
of 1942 
After the engineers have set the conceptu il design of the large reactor, they 


less flexible and more detailed critical assembly. It helps to answer such 


stions as the effect of gaps and structural parts on heat generation and neu- 


patterns, the streaming of neutrons through coolant and instrument 


ljacent control rods and the effect of fuel burn- 


and fission product build-up on reactivity id power distribution. 


During the manufacturing stage, a zero-power reactor can be used to check 


reactivits 


ol samples of materials intended for core parts Whole fuel ele- 
ents and control units can be tested before the e installed 
4, Kiven after the big reactor goes into operation, the need for a zero-power 
ear faes e does not stop For example, since the mockup can be instru- 
nted much easier than the large reactor, operating problems that arise with 
( ve reactor probably can be studied best by the mock-up. 
LL. R. Hafsta D lo D f ki tor Developn USAF 
( res i] Cher RB Belgium, Septembe p wt 
s issue October, 1954 - NUCLEONICS 


U and U2?) is O.S5, 
0.050 when ratio is 0.90, 0.0385 when 


0.95. and 0.020 when 1.00. 


NUCLEAR POWER 


® Convair Division of General Dvnam- 
~ Corp. has been operating a research 
it its Fort Worth plant since 

eal Device is being used 


ment tests for nuclear- 


© Cost of Lithium-7, an excellent re- 
actor wolant, is understood to have 
been re luced to near $300 Ib as a result 


} 


le separations processes 


NI Feb. °54 » 78; Sept. "54, p. 79). 
Lithium-7 is considered to be better 
than sodium or Nak as a reactor cool- 
int (NU, June “53, p.29). Its slow neu- 
tron capture cross section is only about 
b; but its high cost when separated 
the high-cross-section Li® (be- 
| to be an H-bomb material) has 

iged reactor designers. 
e trving to check cost. figures 
arn Whether further reductions 
iminent, NUCLEONICS had the fol- 
lowing exchange with the Atomic 

energy Commission: 

Q@: Is AEC using Li’ as a coolant 
in any production or experimental 


reactors? 
A: Ne miment. 
Q: Is ARC considering use of Lit in 
connection with reactor experiments? 
A: This is a low-cross-section mate- 
nd AEC is always interested in 
ise. of promising materials 
<a coolant or for other purposes 
ictors. 
Q: Can you give an idea of the pres- 
ent cost of Li’? 
A: No comment. 


® Total investment of nearly $38-mil- 

lion would be required to build Nucleat 

Power Group’s (Am. Gas & Elect., Bech- 

monwealth Edison, PG&E, 

on Eleetrie of Mo.) 50-Mw 

1).O-moderated natural-ura- 

power reactor (NU, July 54, p. 

This sum would cover: reactor 

issociated equipment, $11.7-mil- 

eactor core and core fittings, 

ion; D.O inventory, $12-million; 

itor, $S.8-million; and 600- 
SO.S-mullion 

of 1° would necessitate re- 

mall portion of core every 5 

Fuel elements would be in 

tubes There would be 

coolant loops, one regu- 

iting rod, and 30 combination shim 
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NOW —simple, high-efficiency measurement of 


radioactivity of liquid or solid samples with 


TAM CARA complete scintillation counting systems 


BERKELEY Model 2001 Decimal Scaler 

and Model 2250 Vial Scintillation Counter 

with Model 2254 Lead Shield...a typical 

BERKELEY complete system for laboratory or 

FEATURES: clinical measurements of gamma radiation. 


SIMPLICITY of installation and operation due to BERKELEY'’s “‘com- 
plete system’ design. Gamma counting eliminates tedius sample 


preparation. 


EXCEPTIONALLY HIGH EFFICIENCY (better than 25% with 
a 1 ml sample of Iodine 131). 


LOW COST... total cost of complete system pictured 
above is $1,155.00, f.o.b. factory. 


DIRECT-READING DIGITAL PRESENTATION reduces error. 


FLEXIBILITY... BERKELEY offers a wide range of 
scintillation counters, shields, count rate meters, count- 
ing rate computers, recorders and other accessories for 
use with BERKELEY counting systems. Your initial 
installation may thus be readily and economically ex- 
panded as required. 


Berkeley gz 


JAGGED M Offers a 


Complete Line of 
Nuclear Instruments, 
Accessories! 


© Decimal Scalers 

¢ Portable Scalers 

¢ Count Rate Meters 

¢ Counting Rate Computers 

e Survey Instruments, 
Monitors 

e Scintillation Counters 

© Decimal Counting Units 

¢ Double Pulse Generators 

© Accessories: Automatic 
Timers, Clocks, GM Tubes, 
Probe Assemblies, 
Recorders, Lead Shields, 
Planchets, Absorbers. 





BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE., RICHMOND, CALIF. 


‘= Dept. E-10 2200 Wright Ave., Richmond, Calif. 


| | Name 


M-29 





Please send catalog, | 


| prices On | sits, 





| Berkeley Scintillation Systems (J 
| Address 





| Complete Nuclear Line 7 
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“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kollmorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 
Services, 


Send for Bulletin 301 





CORPORATION 


Plant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 
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TECHNICAL ADVANCES 


Counting Liquid seintillators that will count tritium and C 
H® and C more ethiciently have been produced by University of 


California researchers D. J. Rosenthal and H. O 


(Angel Xylene with terphenyl (5 gm/1) and diphenylhexatriene (0.015 gm/I 
is their best scintillator. It will dissolve fatty acids and is miscible with a 5° 
solution of water in ethanol Thus many labeled compounds can be counted 
merely by dissolving them in the scintillator-solvent. Typical counting effi- 


ciencies: C-labeled cholesterol, 70%; tritiated stearic acid, 32%; tritiated water, 


aw 
16% 


Automatic Data Automatic recording of data on punched ecards has 
Processing permitted integration of experiment and subsequent 

computation of data in an extensive survey of slow- 
neutron cross sections underway at Brookhaven National Laboratory. Auto 


itiec data-taking equipment fixes the neutron energy (by setting the angle of a 


onochromating crystal spectromete! positions the appropriate samples, pro- 
grams various background counts, and provides for preset or fixed-interval count- 
ing by beam-monitor and detector. All of this data and more is recorded directly 
nto punched cards using a Remington Rand Numeric punch. Unattended 


operation of the entire experiment is thus possible 


The data-bearing punched cards are subsequently processed by a computer that 


zes the neutron resonances to determine their Breit-Wigner parameters 
Unusual An Italian proposal for a variation in synchrotron 
Synchrotron designs could lead to 10 Bey machines without using 
strong focusing The idea is to use a ste pped pole 

piece, providing a wide gap in which the particles are accelerated to medium 
energies and a narrow gap to which they are then displaced for acceleration to 
0 Be This design is made feasible by the smaller radial and vertical oscilla- 


tions at higher energies: it is purported to save a factor of three in magnet costs 
(merican accelerator designers are bearish, pointing out that the idea is not new 


i that field discontinuities themselves might induce disastrous oscillations 


Gamma-Ray Roentgen made a pinhole camera as early as 1896 
Pinhole Cameras ever since, Ways to increase the sensitivity without 
sacrificing resolution have been sought To get 

ie visible to the eve, Mortimer, Anger, and Tobias at Berkeley have em 
ed a ew-plate’’ consisting of an image-intensifier tube faced with scintills 

tion crystals Sensitivity is such that two 200 we cem* sources, '4 in. apart and 
from the camera, can be resolved and made visible This is an improvement 

er previous work, but is still inadequate for the ultimate goal of being able t 


the vw wo distribution of radioactivity in patients 
\ very promising system, they report, is under development at RCA. The 


ition of a high-gain multiple-stage light-amplifier tube ane 


Dp ~ so sensitive that a single photon may be rendered visible 


Radiation-Effect Radiation-induced changes in polvethvlene’s mechant 


Mechanisms cal properties are well known, but underlying mecha 
nisms have not been pinned down To increase 
understanding of mechanical effects, Dole, Keeling nd Rose of Northwestern 
| ersit have made quantitative menusurements ft chemical changes USsInY 
ibsorption techn ques Bromine uptake gave n mensure of the double 
ed 

tely t erou ( on 
ige; some C-C chains are WOKCHL II tion reduces the concentratiol 
lene unsaturated groups while producing nviene unsaturatior Phi 
{ tant be . t te vy R e the es most 
~ ~ t t ! erties Pre ( “ ! Cl 
e not thought t A Jong-rang erat eceding cross 

( t ( ‘ vhet he t 
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TYPE 2003 
Same as Type 2007 (at right) 
except Tube 12AT7 and 5 pig- 
tail components are external. 











TYPE 2007, BASIC UNIT 
Contains shock-mounted fork, 
double triode and all cir- 
cuitry. Output, 400 or 500 
cycles. Accuracy = 1 part 
in 50,000. Octal base con- 
tainer, 1!/2" x 4'/2". Weight, 
10 oz. Power required, 75 to 
200 V.-D.C. at 1 to 5 maa. 
and 6.3 V. at 300 m.e. De- 
signed for MIL equipment. 





TYPE 2001-2, BASIC UNIT 
Frequencies, 200 to 3000 
cycles. Dividers and multi- 
pliers available for lower 
and higher frequencies. Out- 
put, 6 V.—JAN construction. 





TYPE 2005, UTILITY 
Provides 10 Watts at 110 V. 

















Precision frequencies from 50 
to 500 cycles. Input power, 
50 to 500 cycles, 45 Watts. 














TYPE 2121-A, LAB. 
STANDARD 
Outputs, 60 cycles, 0-110 
Volts, 10 watts; 120-240 cy. 
impulses. Input, 50-400 cycles, 

45 Watts. 

















TYPE 2111A, POWER UNIT 
/ 50 Watt output. 0-110-220 V. 
/ at 60 cycles or any fre- 
Pott h quency 50 to 1000 cycles. 


FREQUENCIES 


GUARANTEED ACCURACY 
1 PART IN 100,000 (.001%) 


except where otherwise noted 





WIDELY USED 
IN SUCH FIELDS AS 
Aviation, Navigation 
Ordnance, Ballistics 
High Speed Photography 
Viscosity Measurement 
Fluid Flow 
Nuclear Physics, Telemetering 
Chemical Reaction 
Radiation Counting 
Computers 
Facsimile 
Fire Control 
School and Indl. Research Labs. 
Accurate Speed Control 


The basis of these frequency standards is an electronically 
actuated high-precision fork, temperature-compensated and 
hermetically sealed against barometric changes. The partial list 
of uses at the right not only suggests the broad range of appli- 
cations but also proven dependability where there can be no 
compromise with accuracy. Please request details by Type No. 
Our engineers are available for advice or cooperation on re- 
lated problems. 
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BOOKS — 


Applied Atomic Energy 


By K. FEARNSIDE, E. W. JONES, and E. N 
SHAW (Philosophical Library, New York, 1954, viii 

156 pages, $4.75). 
i. Crompton, [Isotopes Division, Oak Ridge 
National Laboratory, Oak Ridge, Tennesse 


Reviewed by CHARLES 


In the introduction to this 150-page 
book, the authors state that it ‘‘en- 
deavors to present [an outline] to the 
lavman and to the scientific workers 
specializing in fields other than nuclear 

As a 
two di- 
book 

the 
that 
the average reader of NuCLEONICS will 
find “‘Applied Atomie Energy”’ 
ticularly informative. 

The brief chapter, Vuclear Reactors, 
is particularly lucid in describing the 


physics and nuclear chemistry 
result of this effort to satisfy 
readers, the 


best 


vergent types ol 
suited for 


doubtful 


emerges as one 


science student It is 


par- 


basie principles of reactor design and 
operation. It is felt, however, that in 
the final pages there is expressed a 
somewhat overly pessimistic view of 
the future of power reactors 

The text also includes, as may have 
been anticipated, chapters on Modern 
Vuclear Physics and Techniques (instru- 


The hook is, of 


specifically toward 


mentation). 


course, 
directed sritish 
subjects and contains an appropriate 


chapter on legal aspects of atomic 


energy in England. The chapter on 
Stable Isotopes is excellent and presents 
a rather complete, albeit brief, picture 
em- 


the 


of various separation processes 


ploved in production as well as 
scope of uses of stable isotopes 
The 9-page chapter, Preparation and 
Distribution of Radioisotope s, furnishes 
information useful to prospective cus- 
tomers, although brevity seems to be 
some misstatements 


the 


special syntheses of radioactive com- 


responsible for 
In mentioning opportunities for 
pounds, only one United States firm is 


listed as performing this service while 


many more are actually engaged in 
this commercial activity The open 
ing paragraph of this chapter states 
that “the methods of preparation. of 


| | 1] 
isotopes are generally similar in ot 


four places england France 


United States, 


these 


and Canada) but where 


any difference occurs this w 1 SIE 
cifieally referred to in the text.’ Onh 
two pages later the preparation of 


iodine from irradiated tellurium is dis- 


j 
J 


cussed with no mention of tl 


of recovering 1odine from fission prod- 


70 





this 
is found in the last 


ucts as is done in country. A 


further oversight 
sentence of this chapter “The shipment 
of Isotopes has greatly increased 
over the past six months as will be seen 
in the figures for P** and I'*! issued by 
the Ministry of Supply and reproduced 
below Figure 3 shows shipments for 
the vears 1948, 1949, and 1950, whereas 
This 


chapter, as well as many sections of the 


the date of publication is 1954. 
book, could easily have been written 
two vears ago as far as the timeliness of 
This is 


how- 


the information is concerned. 
not particularly objectionable, 
ever, in view of the intended reading 


audience 


The authors have skillfully woven 
into their presentation many instances 
of historical significance. For exam- 


ple, the early work of Paneth is dis- 
cussed briefly in connection with sur- 


face chemistry, Rutherford’s classical 
spinthariscope is used to introduce the 

contemporary’ technique of seintil- 
lation counting and Hevesy’s first ap- 
plication of radioisotopes to biology 
introduces the subject of metabolism. 

The last five chapters encompass the 
use ol research, bi- 


isotopes In pure 


medicine, agriculture and = in- 


ology 
dustry. The chapter on biology may 
well have been entitled Radtotsotopes in 
Human Physiology. The introductory 
made that 


value of 


statement is * Fundamen- 


tally the biological research 
lies in the subsequent application to 
This 


with research on iron, phos- 


therapy chapter deals 


primarily 


and iodine metabolism and 


seems too closely allied to the chapter 


pl orus 
on medicine. One is left with the im- 
that a 


chapter on biology 


pression more representative 
would have better 
balanced the fields of science treated in 


the remaining chapters. 


The main purpose of the 
chapter on medicine... is to dis- 
euss Clinical rather than experimental 
techniques. Although a rea- 


sonable cross section of clinical uses is 
presented, one derives from this chap- 
ter neither an appreciation for the 
widespread efforts of the medical pro- 
fession in exploring new radioisotope 
techniques nor the extent of established 


medical 


j 


present-day practice. 


\ brief mention of the use of colloidal 


Au'®’ and the fifteen-line reference to 


['3! js illustrative of this 


ethenev of 
nt. Thed 


ISCUSSIONS are so COonseryv- 





ative that the reader would be surprised 
to learn that 100,000 patients in this 


country had received diagnostic doses 
of I! 


such treatment for hyperthyroidism. 


‘and 20,000 patients had received 


The same general criticism may be 
made of the later chapter on industry. 
Over-generalization is a defect difficult 
to eliminate in the brief treatment of 
fields. 
pear to have been an effort to present 
the latest 
but 


sO many There does not ap- 
uses in each field discussed, 
dis- 
that 
in general 


rather we encounter again 


cussions of those classical uses 


appear all too frequently 
survey articles. This, however, should 
not detract book's 


usefulness as a well written, compact, 


from the primary 
general introduction to this subject. 
This reviewer is hopeful that future 
texts on applied atomic energy will be 
directed at specific technical audiences 
and will 
mation on both feasibility studies and 


include quantitative infor- 


the ultimate uses themselves 


BOOKS RECEIVED 


Noise and Stochastic Processes, edited 
by Nelson Wax, Dover Publications, 
Inc., New York, 1954, 337 pages, $2.00 
(paperbound), $3.95 (clothbound). 


This hook on 


their applications 


random and 


is the third volume 


pl oOcesses 


in a series, each a collection of re- 


printed papers in a particular scien- 
tific field. 


reviews on 


These papers are mainly 
“noise,’’ Brownian motion, 
litera- 


and statistical mechanics with 


ture references up to 1945 


Nuclear Reactors for Industry and Uni- 
versities, edited by Ernest H. Wake- 
field 
Laboratories), Instruments Publishing 
Co., Pittsburgh, 1954 
This book is a compilation of articles 


president, Radiation Counter 


ix + 93 pages. 
originally appearing in * Instruments ”’ 


N ucle ar Re - 


Availability and Selection, 


magazine. Subjects are: 
actor Ty pe 8, 
Radioactivity 


Prote ( tion. 


Veasurement, Radiation 


Reactor Control, Instruments 


for Ex pe riments, Cost Study, and Legal 


A Spe cts. 


Alternating-Current Machines, by A. F. 
Puchstein, T. C. Lloyd, and A, G, Con- 
rad, John Wiley and Sons, Inec., New 
York, 1954, $8.50. 


This revised 


xl + 721 
third-edition textbook in- 
treat- 
alterna- 


pages, 


cludes new material on vector 


ments, synchronous motors, 


tors, and rectifiers. 


Perceptualistic Theory of Knowledge, 
by Peter Fireman, Philosophical Li- 
brary, Inc., New York, 1954, xi + 50 
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res, $9.75 The purpose of this 
ook is perhaps stated most succinctly 
ts conclusion: “*We made a quick 
excursion into rationalism in order 
that, by seeing its groundlessness, we 
more contented with our empiricism. 
Suppose then that we accept our per- 
ceptual cognitions and the conceptual 
knowledge based on them, as a Percep- 
tual (Perceptualistic) Theory of Knowl- 
edge, to replace the so-called sensation- 


st theories r 


ALSO OF NOTE 


Patent Abstracts No. 1—Instrumenta- 
tion. First of seven volumes on gov- 
ernment-owned inventions to be pub- 
shed this vear, this book lists 775 
nventions under the subgroups: labo- 
ratory, scientific and engineering in- 
struments: instruments for indicating, 
measuring, and recording electrical 
quantities and characteristics; me- 

inical measuring and controlling 
nstruments; optical instruments and 
enses; surgical and medical instru- 
ments; X-ray and therapeutic appara- 
tus; surgical and orthopedic appliances 
ind supplies; photographie equipment 
ind supplies. Abstracts include de- 


ptior patent number, title, in- 
ent d administering government 


fice of Technical Services, 
] S. Department of Commerce. Wash- 


itor > D.C... $2.00. 


Prospecting with a Counter. This 
AEC booklet, companion reference to 


Prospecting for Uranium,” provides 


letailed discussion of radiation detee- 

tion instruments It is a revised ver- 

AEC report RME-4028 by R. J 

Wright. Emphasis is on practical 

blems related to field use. U.S. 

Government Printing O flice Washington 
a. % sf 


A Handbook on’ Mass Spectroscopy. 


| ok, by G. Inghram and 
nm. 3, & Cl is Nuclear Science Series 
Report N 14 Among «a variety of 
techniques, handbook 
Isnt rowave absorption and 
tion, confined to ionic 
zers with electrical or 
fu on detection Publica- 
0) Vational Academy of Sei- 
Vation Research Council, 2101 

( fol Lie Washington 25, D.C 


Nuclear Notes for Industry, No. 2. 


( ent sé ted AEC unclassified re- 
terest to industry are listed 
ted Technical I nforma- 

\ Oak Ridge, Tenn 
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RESEARCH. 


ssures 


performance engineering 


and similar hig 

On request: “Collected papers on Atomic 

Power for Civilian Use.” Write on your 
eet 


company letterhead to 


NUCLEAR DEVELOPMENT ASSOCIATES, INC 
78 Grand Street, White Plains, New York 
White Plains 8-5800 
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FOR 
VIEWING 
WINDOWS 






Zinc Bromide in optical grade solution has been demon- 
strated to be an effective answer to the problem of shielding 
viewing windows. Michigan Chemical Corporation, for 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound. Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 


Pas > AEC specifications 


es. Write us for further information, 
we * and a reprint of an article from 
_ NUCLEONICS entitled, “Design 

and Construction of Shielding 





& 


Windows”. 
MICHIGAN CHEMICAL CORPORATION 


Saint Lovis, Michigan 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 


Models 107 
& 107P 
Gain 40,000 
continuously 
variable 





Rise 0.2 mic- 
rose 
Accept +- and 
pu ses 
TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 
(0.1 mv to 100v) 


Based on improved Chase-Higinbotham design 

Excellent linearity for smal! pulses in the presence of 

tremendous overloads that paralyze other amplifiers 

PULSE HEIGHT SELECTOR (Supplied only on Mode! 
107P)—Precision trigger-type 


PRECISION HIGH VOLTAGE SUPPLIES 





Model 515 
(Positive and 
Negative) 





@ W0-1500 volts, 1 ma 2 m.a. to IKV 

@ Continuously variable 

@ Polarity witch makes this high t ited 
upply equivalent to two separate precision 
mstruments 

e Drift less than 010% ove everal hou é 
than 020% per day. Regulation p 
‘~ change in line voltage for line voltages be- 
tween 70 and 140 

@ Precision voltage divider nie esist f 
precise reading of output voltag 

@ 4)” panel meter Dual teflon output 
hector 

Model 107 Amplifier $545 

Mode! 107P Amplifier (includes pulse 

height selector) $595 

Mode! 112 Amplifier (gain of } $35 

Mode! 401 Mercury Pulse Generator $145 

Model 515 HV Supply (500-1500 volts $385.0 

Mode! 540 HV Supply (1000-4000 volts) $535 

(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


P.O. BOX 733 SILVER SPRINGS, MARYLAND 





Newly-Developed 
Optical 
Radioactivity 
Detector 

PROFESSIONAL MODEL 


GEIGERSCOPE 


advanced 





Here is the remarkable, new 
Geigerscope for 
researchers, prospectors 


power, more sensitivity in checking min 


enaineers 


scientists 


Provides more 


eral specimens for uranium extreme 
sensitivity for laboratory use on alpha 
emitting isotopes. Indicates radioactive 
content with sparkles of light; usable 
in daylight or lighted room. No back 
ground count from potassium feldspar 
or cosmic rays. More sensitive than a 
Geiger counter for hand specimens. Has 
eye-positioning rubber shield sturdy 
durable, portable; needs no 

power source. Radioactive ,) 
standard supplied for exact 

readings. EACH 
MASTER MODEL—equipped witt ye 
shield, highly efficient $3 
STANDARD MODEL—most f 

tion detector on the market $1 
Uranium ore sample 

tions supplied with a mode F SUAR 
ANTEE. We pay postage 


Order your Geigerscope today! Write to 


KEN RESEARCH, INC. 


831 Fifth Avenue River Edge 22, N.J 
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INDUSTRIAL APPLICATIONS 


RADIOACTIVE IsoTOPES have found wide application in industry in recent years. 


Most Irequent use has been made of these radiation characteristics: attenua- 


tion of radiation in passing through various media, and the ‘“‘tag-like’’ nature 


of radioactivity. Here are five recent developments utilizing these principles :* 


t 


ly ( 
Oniy Ao“ 


Need drift of 


measurement 


Cigarette-Machine 
Controller 


fo per day in continuous 


and control of tobaceo flow rate lead 


to use of Sr® beta gage Previously, dielectric gage 


had lin 
toh ie~co 


used 
flow 


output from identical isotopes and ion chambers, with standard cigarette between 


been finished cigarettes, but w 


too 


IO! “us not adaptable to controlling 


and was moisture sensitive. In new setup, comparison of 


one set and production feed between other, vields signal that controls tobacco 


feed rate Isotope gage output also zeros dielectric gage that ejects off-quality 


cigarettes. American Machine and Foundry Co. de 


veloped new installation, 


In 


trouble has been caused by 


multicolor textile 


Dye Carryover 
Protection 


printing Operations, persistent 


previously applied dyes 
being carried over by the cloth into a se¢ ond dve bath 
Fractions of 


a per cent can seriously affect second dye Continuous monitoring 


to guard against dve transport is done by adding soluble P*? to offending dve 


No 


is Washed at 


bath; dip counters at baths down printing line warn of any contamination. 


health 
intel 


hazard is introduced: 
and P 


negotiating to act 


only tew me per wer kK IS added fabri 


step has two-week half-life 


Carolina Textile Engraving Co. B 


S. agent for British developers 


Measuring silt content at bottom of lakes involves 


Silt-Density 
Gage 


major access and sampling problem. Low-energy 


isotope gage could be used, as transmission 


ratio ol 


water to soil is 10° for 50-kev gammas, but no ents of low 


isotope meets requiren 
Al( 
O-raves 


long half-life and ready availability Therefore, Isotopes Division 


energy 


developed use of bremsstrahlung radiation from Sr? on lead. Device 


easures and records silt content, at any depth, of moving streams or lukes 





. — gravit 
<a Silt-density enO Fay [ eo 
detectors | balance 
gage | 
~OPPPRPLD | urce y,, af 
[ w y <3 7 
| L 1 
H C ratio | cd | t 
a ose” in 4 os 
scintillation Pp Y mannan Somple 7 § t a 
Tl detector 4» / 
Fined Movable 
S?” source absorber wey | 
Pb disk ma id I = iia cia 
La " a for 
= 
H C Ratio Combustion analysis for H/C ratio of hydrocarbor 
Determination accurate to 0.057, takes skilled operat one t 
two hou Beta gave developed by Standard O 
I) ! nd Nuclear of Chicago allows analysis in five minutes with 0.02 
Basis of meter is wide difference between beta atte t fH and 
thi Common Components of orgat =. ¢nused | electron densit ‘ H elng TW 
~ vy is that of others Nets constructor =- shown in hg@ure Po operate 
e wedge S positioned to equa e current ( both ehambers Net result 
( elation between dial reading and si € eX] sslom Te a /4 to 


Built-In Study of ni hie p roller 
Thickness Gage required ink thickness determination e hig speed 


ollers were operat vu Thickness Ue a | thie ot 
N ~ ree electrop ite ol ers and er Tushe ‘ ( t s¢ Ith Ise 
t Linear sem w absorptt tl KHess Ie tion! es ust et 1 Cusie 
B | ite exc ed ( es ( ) I I) 
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ENERGY (MEV) 


MALLORY 1LOOO METAL... 


Effective Radioactive Shielding in Less Space 





ERE is clear evidence of the superiority of MALLORY L000 
METAL asa radioactive shielding material. MALLORY L00O 
has 40°) higher absorption than lead in the most widely used 
ranges, and even at 100 MEV it has 20°) greater absorption, 


Thorough testing of MALLORY 1000 MIECPAL has also proven it 
superior for many shielding applications such as: evelotron and 
synchrotron radiation. and for the storage of radioactive isotopes; 
to name just a few. 


A Technical Bulletin on MALLORY 1000 METAL is available. 


Write for vour Copy today. 





ONLY MALLORY 1000 METAL HAS THESE CHARACTERISTICS 








= eee 


Vaking it ideal for radiation shielding, 








and for counterweights and rotors as well. 















: : : P.R. MALLORY &@ CO. inc. 
e \ tungsten-base alloy weigh- — e@ High modulus of elasticity 
ing 16.96 grams per cubic e@ kxcellent) > machinability 
centimeter. Surface finishes from 10 to 
10 microinches depending on 
e Hligh tensile strength... method. Performance and 
105,000 Ib. per square inch. chip form similar to gray iron. . MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 








For information on titanium developments, contact 


Mallory-Sharon Titanium Corp., Niles, Ohio 








Vol. +2, No. 10 - October, 1954 Want more information? Use post card insert in this issue 73 











MILLIMICROSECOND 
PULSE TECHNIQUES 


Just Published! 


A logical account of electronic circuits and 
devices operating in the millimicrosecond 
range. Covers latest advances in this field 
and describes applications in fields as 
nia le ar physic s and transmission and 
in such devices as transformer 
pulse generators, amplifiers 
and cathode ray oscilloscopes 
By I. Lewis and |! Wells, 
Atomic Energy Research Es- 
tablishment, Harwell, Eng 
land, 310 pp., $7.50 


such 








INTRODUCTION 
TO ATOMIC 
PHYSICS 


A guide to understanding the 
relation between observed 
facts and the theory of 
structure. To help you make a 
sound judgment concerning the validity of 
the theory, brief reports on results of 
more advanced mathematical treatment 
given Systematic questions 
through specific problems, enabling 
distinguish the idea of a computation 
the set of formulas. By O. Oldenburg, 
of Physics, Harvard Univ., 2nd Edit., 421 
pp., 145 illus., $6.00 


atomic 


guide 








BIOLOGICAL EFFECTS 
OF EXTERNAL 
RADIATION 


43 studies representing work done at Uni- 
versity of Rochester during the war on 
biological effects of X radiation along with 
a collaborative study of the effects of neu- 
tron irradiation with the Biochemical Foun- 
dation, Newark, Delaware. De- 

scribes lethality and pathological 

and genetic effects of both acute 

and chronic irradiation. National 

Nuclear Energy Series. Edited by 

Henry A. Blair, Director, Dept. 

of Radiation Biology and Atomic 

Energy Project, Univ. of Roches- 

ter, 507 pp., 131 illus., $7.00 











PROBABILITY AND 
INFORMATION 
THEORY WITH 
APPLICATIONS 

TO RADAR 


Shows in easy stages how the theory of 
probability applies to electronics, communi- 
cation, and particularly radar. Using basic 
mathematics, it discusses the theory of 
probability distribution, mathematical de 
scription of waveforms, Shannon's informa 
tion theory, applications of inverse proba 
bility to problems of signal and noise, ete 
By P. M. Woodward, Telecomm. Research 
Establishment, Malvern, England 28 pp., 
$4.50 











10 DAY EXAMINATION 
MAIL COUPON BELOW 
McGraw-Hill Book Co., Dept. NU-10 
330 W. 42 St., NYC 
Send me book checked below for 
examination on approval. In 10 « 
remit for book(s) I keep, ph 
delivery, and return unwanted boo 
paid We pay for deliver 
with this coupon 
Lewis & Wells—-Millimicrosecond 
Techniques -$7.5/ 
Oldenburg—-Intro. to 
$6.00 
Blair Biological Effects of Ext. Rad 


iT 
same return p 
Pulse 


Atomic Physics 


$7.00 
Woodward 
$4.51 


Prob. & Information Theory 
(Print) 

Name 

Address 

City 

Company 

Position 

rhis offer applies in L. S. only NU-1 
ee ee 


Want more information? 


Jse post card inse 
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Isotope Comparison 


DAR SIR 
In the News section of the August 
issue of NUCLEONICS we that 


“Britain passes U. S. in Shipping Iso- 


noted 
topes Being directly associated with 
the U 
clearly evident to us that the compari- 


son on pages 57-58 was a casual one. 


S. distribution program it was 


The annual radioisotope sales at Oak 
Ridge National Laboratory, which is 
operated by Carbide and Carbon 
Chemicals Company, are over $1,300,- 
000 and lead to many millions of dollars 
more in related business, as recently 
pointed out in a talk by AEC Com- 
The U.S. 
radioisotope business is definitely not 
smaller than Britain’s, and the follow- 
should 


missioner Joseph Campbell. 


ing information serve es- 
tablish [a] proper perspective 
The 


countries 


shipping figures of the two 
reflect 
such differences not only 
clarification but 
The United States 


encouraged private business concerns 


basic differences ih 
philosophy; 
deserve should be 
emphasized. has 
to do special processing of isotopes, 


fabricate special sources, synthesize 


labeled compounds, etc. The portions 
of the radioisotope business that must 
be done by a single production center 
for economical operation has been and 
still is being operated at Oak Ridge 
National Laboratory on a business-like 
basis at no operational cost to the U.S 
tuxpaver; those secondary operations 
that can best be performed by private 
enterprise are being done by American 
business institutions 

As a 
program to 


private 


th there ure 


measure of the success of the 
obtain participation by 
enterprise, it should be noted 
about 30° commercial 
United 


account 


than 


suppliers”? in the 
Two such 
total of 


suppliers 
combined more 


9,000 shipments a veur, clearly re- 
the picture in) NUCLEONICS 


other AEC 


iven and Argonne ex- 


nents lrom laciiities 

Brookh: 
ceed 1,000 per vear, and with the recent 
MTR and 


CP-5 these figures are expected to g 


ntrv of the Argor nes new 


ubstantially 
It sl} ] 1 be noted that over 
-] ibele d compounds are avali- 
ountry from commercial 
reas in Britain such mate- 
nthesized in the government- 
il Centre at Amer- 


hemi 


: . : 
idiochemical Ce 


also, to our knowledge, the only Eng- 
lish 


sources tor use in 


fabricator of sealed radioactive 
industrial gages, 
whereas in the United States “upproxi- 
mately ten private firms are engaged 
in this type of source fabrication 

The 
necessarily a good index of the amount 
Many of the 


small—in the 


number of shipments is not 
of business being done. 
British 
range of microcurie to a few millicuries 
However, at ORNL the 
shipments are tending to be more of the 
thou- 


shipments are 
per shipment 
“wholesale-type,”” containing 
sands of millicuries per shipment. 
As further evidence of the participa- 
tion of private enterprise in the radio- 
isotope business, we are gratified that 
while the number of shipments is not 
rising markedly the amount of activity 
shipped is rising rapidly. Your read- 
ers may be interested to learn that the 
total activity shipped since the incep- 
tion of the U. 8. 
program is roughly 35,000 curies (as of 
1954); the present 
10,000 cures. Co® of 


isotope distribution 
June 30, annual 
rate is about 
course accounts for a large amount of 
the activity sold, approximately 25,000 
thus far. Nevertheless, 
siderable quantities of other radioiso- 


curiles con- 
topes are being shipped; for example, 
more than 500 curies of I'*! per vear. 

A. F. Rupp 


Superintendent, Operations Division 


Oak Ridge National Laboratory 


CHARLES IE. CRoMpPTON 
Assistant Di eclor, I soto pe s Division 
{ NS 


Atomic Energy Commission 


Tennessee 


Oak Ridge, 


Wrong Reactor, Right Company 


DEAR SIR 


In your review of the Washington, 
D.C. meeting of the Atomic Industrial 
Forum (NU, July °54, p. 48), the ab- 
stract of the Pioneer-Foster Wheeler- 
Alkali contained 


ws Which I thought 


Diamond statement 


vou might 


some err 


like to KNOW about. 


You indicated that we included 


t 
low cost st 


ructure as a potential ad- 
vantage of the circulating-fuel thorium 
Actually, this 


i flui lized-solids reactor 


breeder reference Was 


to ours 
renee to loss of sta- 

fluidized-solids re 

not the thorium breede: 
circulating-fluid-fuel tho- 


a reactor system 


cago, Ill ade 
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1,400,000 
aa o* 
sansuneee® 


Source — American Bur- 
eau of Metal Statistics 
Year Book 1953 


.s0 today and tomorrow 


[he assurance that copper is in abundant supply and can be used without restrictions 
is the “go ahead” for industry. You can now rate PERFORMANCE Over AVAILABILITY 
when choosing materials. By using copper and its alloys, brass and bronze, your 
product is easier to fabricate, better and more durable. 


We can get more copper than we now have. Although industry and government have 
zg g 

t uming more copper than in any previous peacetime period, production has kept 

pace with this increased demand. And producers are not working at full capacity! 


yveen cons 


Vore copper keeps on coming. Eleven major new projects in the U.S. will start producing 
1 the next 3 years. These mines will add 250,000 tons to our annual production — more 

of all the domestic copper mined during 1953. In addition, recent improvements 
lining techniques now make it possible to obtain copper from ores considered com- 


unworkable in the past. 


Copper is virtually indestructible. At least 3 out of every 4 pounds of copper used in 


toda products, when scrapped, can be re-used in the future 


Every day we are adding 


copper capital”. The more copper we use ... the more we have! 


ots 
. 


Research Association 


Copper or its alloys provide these advantages... 
- = 


3 Ss Ta 


yf 4 
es 


nductor 


fy : . 
| oe 
ws ~ 
Does not rust 


high corrosion 
resistance 


Easy to machine 
form 


polish 


Best heat transfer 
agent of all 
commercial metals. 


Welds readily 
excellent for soldering 
and brazing 


ectricity draw, stamp 


y available plate, etc 


Vol i # No. 10 - October, 1954 Wont more information Use post card insert in this issue 


Copper has a new ability to serve you. 
Many of your problems are being solved 
in the copper and 
brass industry. Whether it’s a new alloy, a 


laboratories of the 


different temper or a special property ... 
copper can help you develop new ideas. 
Copper can bring old methods up to date. 
Call a supplier of copper and brass and 
convert your thoughts to action! 


“Copper ...is fortunately available in 
ample supply to meet any foreseeable 
demand” 
Foreword, Ss 
B.D.S.A. ¢ 


Dept. of Ci 
opper Quarterly 


IMMeEerce 
August 1954 
For information about U. S. copper sup 
plies including free copies of this Gov 
ernment report and the new booklet, 
“Copper loday and Tomorrow”, send 
attached coupon to 


Copper & Brass Research Assn.,Dpt.. LL 
120 Lexington Ave., New York 17, N. Y. 





NEWS 


Libby Named to AEC 


as Smyth Resigns 


President Eisenhower 


Willard F. Libby to the Aton 


Commission to replace Hen 


Smyth. Dr. Smvth resigned t 


Comnussion to return to 


University as chairman of the 


scientific and engineering 
newly established post ain 
ordinating scientific and 
research at the university 
Smyth's resignation came 
prise; last February he 
chairman Strauss that he 
this fall When Smyth left 


30. his Mav. 1949 appomtm 


had 21 months to run 
Libby's appotntment ts 
one: but approval by the Ser 
it convenes in January she 
tine. As the scientifiv 
Commission, Libby ean di 
ence including work wit! 
hattan Projeet, six vears 
of AFC's committee of sen 
ble reviewers, and member 
ANRC general advisory com 
The new Commissioner, 46 
recerved his doctorate row 
of California at Berkeley 
Was a faculty: member 
joined University of ¢ 
tute for Nuclear Studie 
radiocarbon  methor 


originated by him 


U.S. Reports to UN 


On International Plans 


\ four-point propos: 
international atomie ener 
Was introduced at) the 
United Nations Genet 
month by Secretar 
Foster Dulles Althon 
were given, the plan is 


Hement the ideas set t 


| sebhower belore 


her S, 19538 inal 
speec! 

\Ii Dulles 
Intends to repor 


florts teow 


Whose initi 


hations treo 


‘ 


scientitie conterence o1 


76 


W. F. Libby, new member of AEC 


nuciear energy, to meet 
1955 under UN HUSpPICces 
opening in early 755 
fa reactor training school where 
i students may learn “the work- 
neiples of atomic energy wit! 
regard to its peacetime uses 
The invitation to a substantial 


of medieal and surgical 
lL to participate in tl 
r | 


ospitals 
pit: 


IkKs on the 


Belgium Signs Swiss Pact; 
to Trade Data, Uranium 


\\ 
[ 


both to a major source of uranium, the 
Belg in y itil to President 
[cise hnhower s ntoniuc poo pian Ac. 
tually, the pool plan doesn't offer much 
idvantage to Belgium: with its ura- 
nium, itisina good bargaining position 

Supplying U.S. nuclear data to 


foreign countries Was forbidden under 
the MeMahon Act, so Belgium never 
vot the data it was entitled to unde 
the Wirt avreement With the 
hew Atomu Ienere\ Law, Belgium 
Wihts he information snd processed 
fissionable materials it needs to build 
Its OWnh power reactor 
: vinns are understood to be 
primart interested in design informa- 
tion tor ressurized water renctor like 
PWR, or other svstems using only 
riched fuels Belgium does 
gaseous diffusion facilities 
roduce Usable amounts of 


hed uranium 


New Group Offers 
Nuclear Lab Services 


science 


Heehh OFVANIZEE 


| 
experiments laboratory 


incdusty According 
Ronald \ Brightser 
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ogv; Freeman H. Dvke, The Ameri- 
Metal Co., Ltd.; Morris F. Ketay, 
dent of Ketay Manufacturing Co.; 
William H Lehman 

i New York investment firm. 

three 


Osborn, 
represent companies 
g the new firm. 
with NSEC are 
MUAIT and Kohman, 


te scientists 
es 1D). Corvell 


Suggests Reactor for Japan, 
Critical of U. S. Program 


of the frankest speeches by a 
Atomic 
m, Thomas E 
ist month of the U.S. 
called for 
peaceful inten- 


the U.S. nergy 
Murray wis 
civilian 
wer effort) and 

of our 
he international scene. As 
f the latter, he suggested that 
fer to build nuclear 
He named 


first place he would build 


powel 
rious nations, 

i> tl ( 
State Department 
that 


reported 
is veal in Japan, ‘‘the 
etrie powell production costs 
itility thermal plants in 1952 
ose to 20 mills per kwh, of which 
sts contributed approximately 

This 


in ol the 


figure is among the 
industrialized 
the world.’ There ap- 
I» ttle doubt that nuclear 


be competitive in Japan 


ynted out that despite the 
re is no urgeneyv today in 
for economic nuclear 
-out effort should be put 
ram and that a failure to 
dog in the manger” 

suid We 


ase the 


should 1hi- 
number of scien- 


ged in atomic power 


limited U.S. effort. 
are no operating 
this today 


e submarine prototype in 


country 


Candor requires that we 


hetween achievement and 


We must not identify 
elopment programs with 
ctors Part of the 
our lack of progress has 
cessary preoccupation with 
nd stockpiling atomic weap- 
however, 


ist be admitted 


i have done more in spite 
insigeance Indeed, ow 


unit 
oat 


not be in 
had not | 


would 
offered 
promise | ven 
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our first major step toward industrial 
nucleat power, the Shippingport 60.000 
Was only alter 


kw reactor, salvaged 


much persuasion trom an abandoned 
naval design.” 

In his talk, Murray cast a negative 
controversial dual- 


vote against the 


purpose reactol for production ot 
weapons-grade plutonium and powet 
that has been proposed to ARC by 
He said that ‘the 


has in operation 


several companies, 

Government already 
and under construction sufficient facili- 
ties to supply present military require- 
ments for weapons-grade plutonium, 
military requirements are 
unlikely that 
could be depended upon 


ven if 
increased it is highly 
such plants 
to meet firm military requirements for 


the critical vears ahead 


Rockefellers Buy Interest 
in Nuclear Firm 


in Nuclear De- 
White 


A minority interest 
velopment Associates, —Ine., 
Plains, N. has acquired 
and David Rockefeller. 
They will be represented on the board 


Woodward and 


thus increasing the 


bee nN 


by Laurance 


of directors by Harper 
a. 2 
board to nine members 

NDA 
R. Menke 


president 


Walkowicz 


John 


present 


was formed in 1948 by 


Young, 
and technical 


The firm's 


development and construc- 


and Crale 
lirector, re- 
spectively. main activity 
is design 


tion of nuclear reactors 


Nuclear Power Company 
Wants New England Plant 


Location of an exper 
New 


early date is the aim of 


imental nuclear 


power plant in Mengland at an 
Phew COMpPany 
formed by 11 uti ving the area, 
Yankee Atomic Electric Co 


the Massachusetts department of pub- 


ities ser 
haus asked 


| 


lic utilities for the preliminary ap- 


provals needed for 
that state The 
started 
Energy 

Just 
depends on AE-C’s interpr 
Atomic 
might split the « 


Incorporation mM 
group has already 
discussion with the Atomic 
Commission 

how the project will work out 
etation of the 
1954. AEC 


ost of an experimental 


Energ\ ( ol 
plant with the group; thus no decision 
has been made on the company’s 
investment. 

President of the new 
William Webster ee 
New England Electrir 


utilities backing the new company are 
Boston Edison Co., Connecticut Light 


Company ts 
president ol 


stem Other 





Crond 1 ( 
P sround Yrealeing eremony 


AMERICA’S 
FIRST FULL SCALE 
ATOMIC POWER PLANT 


SHIPPINGPORT, PENNSYLVANIA 


September 6, 1954 


Duquesne Light Comp 





PROGRAM commemorates ceremonial start 
of construction of AEC-Duquesne-Westing- 
house nuclear power plant. But on-site 
work won't really boom until next March, 
with March, 1957, the target date for com- 
pletion. Entire primary system, including 
heat exchangers, will be enclosed in steel 
shell to retain any possible radioactivity; 
steam plant will be underground in con- 
crete structure. Reactor will be enclosed 
in container 9 ft in diameter, 25 ft high that 
won't be filled by 6-ft diameter, 7 ft high 
Westinghouse-built core. Larger cores 
may be used in future 


& Power Co., Western Massachusetts 
Kleetric Co., Publie Service Co, of New 
Utilities Asso- 
Kleetrice 
Public 


\laine 


Hampshire, Eastern 
clates, New 


Association 


| ngland Gas and 
Central Vermont 
and Central 
These 


sent over 90% of electric output in the 


service Corp 


Power Co companies 


six-stute aren They plan to buy and 


distribute the entire output of the pro 


posed nuclear project 


GE Forms Unit to Market 
Atomic Power Equipment 
Schenec- 


Atomic 
sub- 


77 


The General Electric Co., 
tadv, N. Y has 


Power Equipment 


formed an 


Component 











Sidelights 


Illinois Tech starts nuclear engineering course. Dr. Walter Fagan is 


teaching a four-credit-hour graduate course in nuclear engineering this 
Introductory course 


semester at [linois Institute of Technology, Chicago. 
covers fundamentals, reactor theory and operation, personnel protection, 
radiation damage and chemical processing 

s 
Mexico starts dating. University of Mexico opened a radiocarbon dating 
laboratory in September. 
who studied the age-determining technique with W. F. Libby at the University 


Directing the new project is A. Moreno y Moreno, 


of Chicago. 

had 
AEC spending $2.2-billion in fiseal °55. 
Atomic Energy Commission net expenditures in fiscal 1955 are $307-million 


higher than 1954. 


Budget Bureau’s estimate of 


& 
How to use autoradiography in biology. 
tice application of autoradiography in special course at Atomic Energy Re- 
search Establishment’s Isotope School, Harwell, Dec. 13-16. S. R. Pele of 
Hammersmith Hospital will direct the course. 

2 
Reactor engineers: 76 more diplomaed. Oak Ridge School of Reactor 
Technology graduated 76 students in August, raising total number of graduates 
to 290. 
other government agencies and contractors, 9 from industry, and 29 recent 


Britons can learn theory, prac- 


In this fourth class were 18 AEC and contractor employees, 20 from 


college graduates. 

& 
U. S. can cut 5 years from Latin atomic power program. Robert 
LeBaron, touring South America on a State department goodwill mission, 
opened a U.S. exhibit at the Sao Paulo Exposition in Brazil with the statement 
that by supplying fuel elements and other critical parts for power reactors, the 
United States can save five years in South American atomic power development. 

hal 
Atomic stomach ache? Soldiers can blame vets. With few animals left 
in today’s mechanized army, prime responsibility of Veterinary Corps officers 
is determining wholesomeness and quality of foods for troops. Now Defense 
Department is sending its veterinarians to Oak Ridge ‘Institute of Nuclear 
Studies for two-week course in effects of radiation on foods and animals. — First 
course started in September. 

& 
Nautilus gets pennant. The long streaming pennant denoting a ship in 
commission was hoisted to the mast of the United States’ first atomic sub- 
marine on Sept. 30. Steam-pipe failure during preliminary tests will delay 
sub’s joining Atlantic fleet. 

= 
Richter jailed. Ronald Richter, former chief of Argentina’s atomic energy 
project, spent five September days behind bars for contempt of Congress. 

& 
Vitro Uranium Co. making a profit. New provisions of its AEC contract 
have enabled Vitro’s subsidiary processing company to operate profitably. 
Phe division has stockpiled more than $800,000 worth of uranium ore and has 
increased throughput by 48° More than $300,000 has been appropriated 
for improvements in the mill 

a 
Rutgers will open radioisotope training center. Financed by $1,000 
memberships from New Jersey industries, a radioisotope center is planned for 
Rutgers University. Training of students and industry representatives in 
use of radioisotopes in research will begin in February. Chairman of the 


planning committee is Frank G. Dunnington, professor of physics 


& 
Atom plus heat wins $250. Using a nuclear energy symbol superimposed 
on a representation of the Carnot thermodynar evele to svmbolize the effect 
of present and past on the world in which we live, A. T. Lemmens designed 


the winning svmbol for the American Society Mechanieal Engineers 75th 


anniversary next vear. He won $250 


78 


division) to market such equipment for 
commercial use. The new unit will en- 
gineer, manufacture and sell low-power 
reactors, reactor systems, heat transfer 
and cooling system components, safety 
and remote-handling devices for radio- 
active materials, and other related 
nuclear reactor equipment. 

Originally organized to supply prod- 
ucts and services to the company’s 
Atomic Products Division, the new 
group will work closely with it. The 
older division was established in 1953 
to centralize administration of opera- 
tions at Hanford, Knolls Atomic Power 
Laboratory, and the Aircraft Nuclear 
Propulsion depart ment. 

Two managers have been transferred 
Donald Eldred, 


formerly with apparatus sales division, 


to the new group. 


is manager of atomic power equipment 
sales. Howard E. Grantz, formerly at 
KAPL, is manager of atomic power 
equipment engineering. 


Armour to Build Reactor 
for Industrial Research 


Plans for a 50-kw research reactor 
are being submitted by Armour Re- 
search Foundation, Chicago, to the 
Atomic Energy Commission for ap- 
proval. The $500,000 water-boiler- 
type unit will be located in a new 
Institute 
of Technology campus in downtown 


building on the Illinois 
Chicago. 

As a safety precaution, the reactor 
room will be 
about 60 ft in diameter and 25 ft high. 

The proposed unit will be used solely 


a gas-tight steel tank 


for unclassified industrial research; it 
will not be used for educational instruc- 
tion or college research. It will pro- 
vide a neutron and gamma-ray source 
for irradiation experiments, for activa- 
tion analysis, and for producing short- 
lived radioisotopes. 

The Foundation will assume about 
one-third of the investment. Chicago 
industries are being invited to partici- 
pate with $20,000 subscriptions. 


Westinghouse Changes 
Atomic Power Unit 


Realigning its atomic power division, 
Westinghouse Electric Corp. has placed 
two reactor projects under managers 
reporting directly to Charles Weaver, 
division manager. Each project man- 
ager will have direct responsibility for 
meeting his project’s objectives. 

John W. Simpson becomes manager 


of the pre ssurized water reactor project 
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PWR He formerly was assistant 
ivision manager. 
John T. Stiefel becomes manager of 
the submarine thermal reactor project 
STR He formerly was manager of 
the engineering department, thermal 
design section 
In another appointment, W. D. 
herd was named sales manager of 


He formerly was con- 


Name McPherson Co. 
for ORR Planning 


Architect-engineering work on the 
and shield structure of the 
Oak Ridge research reactor 
e NU, Sept. ’54, p. 36 for 
iption) will be handled by the 
MePherson Co.. Greenville, S.C. 
The work will be done by subcontract 
Union Carbide and Carbon 
NU, Sept. ’54, p. 5), operator 

tidge National Laboratory. 
ion of a construction con- 
1 lump-sum bid basis proba- 
iot be done before next year. 
S-million research reactor is to 

npleted by 1957. 

conjunction with ORR, a new 
$700,000 laboratory will be built for 
tudy of effect of radiation on solids. 
t-engineer 1s H. K. Ferguson 
eland, O. <A contract for con- 
of the 92 by SO ft, 2-story 
will be awarded on a compe- 


p-sum bid basis. 


AEC Wants New Quarters 
Outside Washington 


nie Energy Commission is 
way to getting a new $9.5- 
e building big enough to 
entire headquarters staff. 
m of the proposed building 
rt within the next nine 
nasite to be acquired outside 
of Columbia. 
ashington personnel now are 
nong three buildings in 
Chairman Lewis Strauss 
| the House public works com- 
t a single building is needed 
simplify security control 
efficiency. The commit- 
ipprove the AEC building 
i recently enacted lease- 
iw that permits the Govern- 
juire new buileings on what 
an installment plan. 
| must be obtained also from 
Bureau and the Senate 


< committee. Because the 


Vol. 12, No. 10 - October, 1954 


‘for’ Engineers. ¢ Physicists .* Chemists 


career opportunities in 


. 


“* Metallurgists | 


Here's a genuine opportunity if you are an engi 
neer or scientist who wants to build a sound, well 


rewarded career in private industry. 


We are engaged in a development program on a 
reactor-powered aircraft engine. Because of this, 
we have an immediate need for engineers and 
scientists with training or experience in nuclear 
engineering or related fields—Thermodynamics, 
Heat Transfer, Controls, Reactor Physics, Theo 
retical Physics, Physical Chemistry, Stress and 


Vibration, High-Temperature Metallurgy. 


If you can qualify, we can offer you an oppor 
tunity to work for us on one of today’s most chal 
lenging assignments—a chance to be in on the 
early development of a great and revolutionary 


advance in aircraft propulsion. 


At Pratt & Whitney Aircraft you'll be working 
for the world’s foremost designer and builder of 
aircraft engines, on a project that will give you 
a real chance for professional growth and recogni 
tion. 

Please send us immediately a complete resume 


covering your training and experience. 
Write Mr. Paul Smith, Employment Office. 


PRATT & WHITNEY AIRCRAFT 


Division of United Aircraft Corporation 
East Hartford 8, Connecticut 


Want more information? Use post card insert in this issue 














Accurate . 
Economical . . 
Easy-to-operate . 


KELEKET 


Pocket 
DOSIMETER 


MODEL K-112 
AEC +PIC-7A3 


Enables X-ray or radio- 
isotope personnel to keep 
constant check on accum- 
ulated X- 


radiation exposure. Clips 


and gamma 


conveniently to pocket. 
Withstands severe abuse. 
Only 3” long. Capacity: 
200 mr. 

Also high range models to 
100 roentgens. 

Charged on Keleket K-135 
Charging unit. 

Write for 
FREE Bulletin! 


KELEKET INSTRUMENT DIV. 


266-10 West Fourth St. 
Covington, Ky. 
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A copy of this quick-read- 


ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the "WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


Want more information Use 








ARGENTINA'S FIRST SYNCHROCYCLOTRON has been completed. Board of Atomic 
Energy will use machine to produce rcdioisotopes for medical research and therapy. 
Electromagnet weighing about 200 tons creates 15,000-gauss field between 1.8-meter 


pole faces, accelerates particles to 60 Mev 


eause-purchase program Is new the 


Bureau is expected to tuke 


first 


Judget 
in deciding on the 
But 
bureau and the Senate committee will 


act this fall. 


some time 


projects submitted. 


Argonne Offers 
Temporary Research Jobs 


\MIlembers of university and college 
faculties can apply for temporary re- 
ippomtments at Na- 


late as Dee. 15. 


search Argonne 


tional Laboratory as 
Appoint ments are usually for about one 
vear, although shorter periods includ- 
the summer are considered when 
useful work ean be accomplished. 

biology, 


Positions are available in 


‘hemistryv, engineering, medicine, met- 


illurgy, and physics 

Applications and information are 
ivailable from J. C. Bovee, Associate 
Laboratory Director, Argonne National 


Laboratory, Box 299, Lemont, Il. 


Plan Five Phases for 
National Planning Study 


N it nal 
$200,000 study of 


*lanning Association's 


uses of 


nonmilitars 


atomic energy NU, sept D4 p. SO 


will concentrate on five major topes, 


Ten to fifteen studies dealing with these 


topics will be assigned to technical 


Sper sts and consultants; several 








both the 


additional studies will be prepared by 
the organization’s staff. 
The topics are: 1. National interest 


role of nuclear fuels in relation to 
other sources of energy; effect on 
mechanization and automation of in- 
dustrv; best reactor ty pes flor powel! 
requirements; effects on other fields 


and national policy. 2. Regional in- 
terests—can power problems of regions 


soly ed? 


like New 


Industrial 


england he 
interest—industrial require- 
ments, organizational 


ble dislo« 


research groups. 4 


patterns, 


possi- 
‘ation, role of small and large 
Crovernment-busi- 
roles at var- 


ness relations respective 


ious stages of power development, 


probable economic effects of new law, 


especially patent and licensing provi- 


s1lons 5. International needs and 
problems—foreign economic effects, 
prospects of peacetime atomic pro- 
grams, methods of cooperation and 


international financing. 

Prior to embarking on this study in 
with Resources for the 
, NPA conducted a $5,000 


preliminary feasibility survey 


conjunction 
Future, Inc 


Offer Fellowships 
in Medical Research 


Division of Medical Sciences of the 
National Academy of Sciences-National 
aecept applica- 
10 for 1955-1956 


Pro- 


Research Couneil will 


tions until December 


resear hy fellowships. 


postdoc toral 
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Mwships in cancer re- 

-American exchange fel- 

esearch, fellowships 

sciences, tuberculosis, 
researc! 

| application blanks 

from the Fellowship 

Academy of Sciences- 

Couneil, 2101 Con- 

W., Washington 25, 


North American Building 
New Nuclear Lab 


ication fora Canoga 
site is approved, North 
ion, Ine., will start 
lof a new nuclear 
aboratory The new 
ide SO,O00 square feet 
iding development. of 
reactors 
operation will add 
ts present staff of 400 
mn the company’s 
ant. The new labo- 


( ompletion in 


election of the site is 
ne Santa Susanna moun- 
here NAA will build 
reactor us part of the 
( ommission’s powel! 


ent program. 


AEC Revises Regulations 
for Stable, Radioisotopes 


B r trol of radioisotopes to 
safety has been 

revision of Atomu 

regulations. At 


listribution of stable 
widened by approval 
ents 
we distribution regulations 
ide products of any 
United States terri- 
iblie or private 
ribution of AKC-pro- 
topes will follow the 


ow applving to 


RAW MATERIALS 


United States: AEC shifts office, stops 
circular 7 leases. New York office of 
Raw Materials has 

to Wasl nygton 1) . 

continue to 

eign uranium 

y rmerly handled 

AEC has also announced 
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GET 
To 
YOUR 


OPERATING 
VACUUM -. 


oe 


On any nucleonic research or production program where absolute pres- 
sures in the micron range are essential, a major problem is getting to 
your operating vacuum as fast as possible. 


Beach-Russ Type RP High Vacuum Pumps 

offer you the fastest pump-down of all. They also operate at a very 
high mechanical efficiency . . . with negligible noise and vibration . . . 
and at the lowest available level of maintenance costs. 


Use Them as Fore-Pumps 

and as the Main Source of Vacuum 

for vacuum up to 10 microns or better. They are available in capacities 
from 20 to 1700 C.F.M. Compound types are also available. 


WRITE FOR THE RP PUMP CATALOG 


for full details on the vacuum pumps that have been in on the ground 
floor since the Manhattan Project first began! 


BEACH-RUSS COMPANY 


50 Church Street * New York 7, N. Y. 
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EKGO Electronic scaling equipment 


” 


3S Canta aoe 





AUTOMATIC SCALER TYPE N530. This new Type Ns530 Automatic 
Scaler times a pre-determined count or counts for a pre-determined time, 

it can also be manually operated 
supply for polarising a Geiger-Muller Probe or Scintillation Counter, 
an input amplifier and a pulse height discriminator. 


It incorporates a stabilised high voltage 


With the addition of a suitable radiation counter it forms a complete 
counting or timing equipment, 





SCALER TYPE N529 

Ekco Type N§29 is a five decade S« 
N530 it incorporates a stabilised high 
and it requires 


aler using ‘Dekatron’ tubes. Like the 
voltage supply, an input amplifier and a 
pulse height di only the addition of a suitable 
radiation counter to form a complete counting equipment. 

ated behind a hinged door and routine 


scriminator, 





The setting-up controls are sitt 
operation is by means of press-button switches 

Ekco Nucleonic 
caling Units, 
Electrometers, 


| 
] 
er Units, Complete Counting Installations, 





and Electronic Equipment, 

Ratemeters, Radiation 
Tubes, Lead Shielding, 
Thickness Gauges. 


Write for the complete catalogue of 
lI n Counters, S Counting 





including Scint 
Momitors, Wibr w R 


Linear Amplifiers, P. 


EKCO electronics 


(EB) Exco ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - ENGLAND 


U.S. Soles & Service 
AMERICAN TRADAIR CORP 


Geiger-Muller 





HRYSLER Bi DING, 405 LEXINGTON AVE., NEW YORK 17, N.Y. 


Canadian Sales & Service 


CANADIAN AVIATION ELECTRONICS LTD., 6214 COTE DE LIESSE ROAD, MONTREAL, QUEBEC 
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the Dec. 12end of the domestic uranium 
leasing program provided by circular 7. 
The circular made it possible to lease 
certain restricted public lands for ura- 
nium mining, but provisions in public 


New 


provides for validation of mining claims 


law 585 supersede it. law also 


located prior to Feb. 10 on public lands, 


Canada: new processing plant con- 
tracted. Catalytic 
Canada, Ltd., 
facilities 


Construction — of 
will engineer and build 
for new uranium =§$refining 
process at Eldorado Mining and Refin- 
ing Ltd’s Port Hope, Ontario, plant. 
estimated 


pletion is scheduled for 1955. 


cost is $2.5-million; com- 


Colombia: title a problem in new ore 
area. First large radioactive mineral 
deposits found in Colombia, is SO miles 
Jucaramanga. Tests by 


ARC of the mineral, which 


northeast of 
U. s. up- 


pears Im & Coppel compound mixed 
with gold and silver, indicate that it is 
But 


problems exist; irregularity of deposits 


economically exploitable. two 


being studied by geologists), and con- 
fused titles to mining rights (dating 
back to colonial times). 

Japan: develop ore process. Process 


extracting 85% of uranium trom 


host 


for 


poor minerals such as apatite, 


mozite, illuminite, monazite, zircon, 
has been developed by 8. Nishimura of 
Waste fluid from 


phosphoric acid production yields ura 


Kyoto University. 


nium to organie compound; impurities 
in uranium extracted from compound 
are eliminated by precipitating uranic 
alkali. 


cipitate gives pure uranium. 


acid soda with Refining pre- 


start Rum Jungle plant. 


plant 


Australia: 


Treatment producing uranium 


oxide concentrate from ore went into 
operation on Sept. 17 at Rum Jungle, 


30 miles south of Darwin. 


NEWSMAKERS 
Ww. = Hall has succeeded I. H. Krause 


director of research for 
nucleonics at Naval Research Labo- 
ratorv, Washington, D.C. Hall form- 


Was superintendent of the solid 


as associate 


erly 
state division, 

John R. Dunning, Columbia University 
dean of engineering, has been appointed 
to the technical and engineering com- 
mical-Detroit 


mittee of the Dow Che 


edison atomic powel projec t. 


formerivy manager ol 


V. D. Nixon, 


process engineering 101 General Electric 
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has transferred to Sche-| 
as manager of the SIR 


ering section, 


James G. Beckerley, formerly director 
i classifiention tor AEC, has joined the 
esearch laboratory of the Schlumber- 


r Corp., Ridgefield 


mpany, whose primary 


| logging, uses nucle: BR = FO FR ol 


ts geophysical activities. 


W. C. Moore his joined the Oak Ridge 
National Laboratory staff as project Never before has there been an opportunity like this 
power-reactor 
Homogeneous Reactor Never before has there been an opportunity like this 
ormerly Was assistant 
in charge of develop- Never before has there been an opportunity like this 
vy at the K-25 gaseous 
R. B. Briggs has been , : ; 
iis wake: edatnioiy ten Never before has there been an opportunity like this 
f the HRP 
Never before has there been an opportunity like this 
Wade Thomas Batson is on leave otf 
t I ‘ biology qadep: 4 . . . 
‘ meg : une Never before has there been an opportunity like this 
f South Carolina to serve 
the University Relations 
or . Never before has there been ano ortunity like this 
On Ridge Institute of Pp y 
Never before has there been an opportunity like this 
Charles L. Dunham, chief of the medica! 
} 7 ~ IVIsSlO ie) siolog 
“ Ah rine , 7 iolog) Never before has there been an opportunity like this 
\led ne since 1949 ais been ap- 
yinted deputy director of the division 
Never before has there been an opportunity like this 
Robert W. Hartwell is now director of 
the] power development depart- Never before has there been an opportunity like this 
ent of the Detroit Edison Co.. after 


nt director 


Never before has there been an opportunity like this 
MEETINGS Never before has there been an opportunity like this 


N ber 12-13: National Symposium ‘ . ‘. 
agreed ee ite gs Never before has there been an opportunity like this 
on Quality Control and Reliability in 
Electronics; Statler Hotel, New York. 
Sponsored by IRE professional group, 
' ; \ top team of scientists, physicists and engineers Is 

ntrol and electrome tech- 

ttee of ASQC, meeting will being assembled at Martin to carry on a planned, 


relation between 
long-range program ol development in the tremen 


ind reliability, tech- 
facturing and engineer- |\@ous new science of nuc lea power. 


y tirborne reliability. 


Never before has there been such an Opportunity 


December 8-10: Eastern Joint Com- jo) a small number of qualified creative engineers, 
puter Conference and_ Exhibition; 
Bellevue-Stratford Hotel, Philadel- Write to J. M. Hollyday, Box N-10, The Glenn L. 


Martin Company, 


phia, Pa. This meeting devoted to 


lication of small digital 
iintly sponsored by Amer- 
<a a i $a = * 
dio Engineers, and the 
mputing Machinery. 
so puliiabed tx the MVE AA FE? TE Re © 
companies ee eX- BALTIMORE - MARYLAND 
formation is obtain- 


7825 Philadel- 
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Scaling Equipment and Components 


Three scaler S 


centel! 


time or 
scaling factor) 


ides 500-2.500 


2 volts 
Input sensitivities are | 
0.25-volt G-M eountel! 


clear Instrument and ¢ 


Ay W, rv st... Chi ago lo / 
\lodel S-1500 vives line W 


tion from 1 mv to L volt 


2 mv. 


Discriminator 
volt pulses, 
2,000 volts. Nuclear Ri 
velopment Tn 
Louts 14, Mo. 

Model A-65,  6-digit 
0.25-volt input sensitir 


¢ 


of interchangeable seali 
5 msec, The {lon rT 
Instruments and Kaqui) ye 


Fift) Lie Ve u 
Additive on 


eountel 


dork ] 


above, right 
displays 3 or 4 digits 
max.; it is wound for 6 
thrams Instrument Corp 
assee St Lansing iV 
Model MC-504 8ZL m 


counter subtracts from 9990. 


operates microswite} 
wheels are individually 
Research Products, 421 N 


Pasadena 8. Calif 


Pypes LOOA vail 1OOB 


plug-in decimal countes 
put pulse and reset 
pulse. Inputs are 0-40 


resolution, 5 wsec; sigt 
tdrance Electronics ¢ 

Type \I2923 ternat 
three seq 1entially 


states: if Saves s] 


pared to ring or Dinar. 
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model 192 dee 
, and model A-65 s 
\lodel 192 permits manual o1 
count (10, 100 


Ope ration 


Regulated s 


G425 Ete 


subtracti 


and Are.. Passaic. N. .J 


{-64 


1 OOO 


CH 


a 





| S-1500 seale-of-12S 


g components are avallabl 


s 0 
] 

it 

/ rf 

. te 

on ¢ 
int 
In} 


ind O.50-1.0 usec ri 


MW 


Co 145 


i(C-10D) seale-of-10 cold- 


ing tube 


W 


required 


Hlaz 


ith maxim 


ut, operates on 1?) 


SO0-ua anode current 


ding 
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phones 


ment Co S 
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Ltd distributor 
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AND ACCESSORIES 
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PRODUCTS ann MATERIALS 


COUNTING-SHIELD ASSEMBLY. 
Model 14L 2-in.-thick lead shield parts 
can be assembled for scintillation well 
standard counting meth- 
ods with end-window scintillation and 
R-C’ Scientific Instru- 
ment Co.. Inc 307 Culver Blod.. Playa 
P-10 


ALPHA SCINTILLATION COUNTER. 


Model DPI alpha scintillation counte: 


contains 6292 photomultiplier, Zns 
phosphor, and preamplifier in  light- 
proof housing. Detectolab. Inc., 64 


Sheridan Rd., Cl wago £0, l P-11 


ELECTRONIC TIMER. Type 12 M¢ 


timer, using cold-cathode tubes, pro- 


vides 0.05-7 see intervals output leeds 


mito single-pole double-throw, hor- 


i wson and 


Co., 1950 Eighth Ave., Huntington, 


mally open relay G. ¢ 


Ww. P-12 
PHOSPHORS. NE2OI liquid phos- 
phor is sealed in glass cells, 125-16 in. 
eter and 115-16 in. length; NE101 

stie phosphor (carbon 91°, hvdro- 
ven 9° 1-10 in. diamete Com- 
r t inthracene ¢ sta count- 

vy te e 95% and 90°, pulse 
eights 75° and 50° lecayv constants 
2 0) 1 4.0 lO sec, respec- 


MIVT and 
er 07.000 


CONVERTER. Models 5 
10 MV T 3-0z converters de 


th | or 2 dry cells or on a-e; 
evulatior 2¢7 or better with sug- 
vested stabilizer cireuits Precise 


ements ? Kings Highway 
Brooklyn 23, N.Y. P-14 
amplifier 


AMPLIFYING CIRCUIT. AIC 


ind pre plifier are improved modifi- 


itions of ORNL circuits 
gative supply fon 


multipliers Negative pulse-height se- 


| 
preampunher 
pro les me photo- 
ector output is 20-volt amplitude. 
(ounter Lahor Hories Ine. 
P-15 
- ») 


W. Grove St.. Skokie. ] 


RADIATION MONITOR. Type 104 


2 12-0z G-M_ monitor uses transisto! 
ut to convert 380-volt hearing-aid- 
vat te supply to 400-volt tube poten- 


Lov for 


P-16 
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RADIOACTIVITY MATERIALS, 
APPARATUS 





4 
Protective Clothing 


Used at British atomic energy installa- 
tions, this suit literally envelopes the 
a plastic balloon. Exeess 
] 


wearel n 
pressure of psi supplied via hose 
out. Air es- 
valvesin back; 


vents 


keeps contaminated an 


capes througl eireula- 


visor, 


ol air pre misting ol 
polyvinylehloride sheet, the 

n two parts sealed together at 
vith a 2-in.-wide strip of 
tape. Plysu Products Ltd., 

} Buckminster. 


1+ t & 
Ee | 


SS RPE TPR RENE Ae tear 


New Dry Box 
This one- 


is molded of heat- and chemi- 


piece dry box with no sharp 
corners 

il-resistant transparent plastic. 
Equipped with air filter for dust larger 
controls 
Can be 


Inex- 


electronic 
1%. 


30 see, 


than 1 mucron; 
maintain humidity to 
hermetically sealed in 
box ean be discarded if contam- 
nated P. M. Lennard Co.. Inc... 671 


Bergen St., Brooklyn 388, N.Y. (P-18 


DeTISLVE 


Upto 30% O available 


OXYGEN-18. 


n mass spectre 


ymeter-analyzed, labeled 


ite! Dajac Laboratories Division of 
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Leominster, 
(P-19) 


Monome r-Polyme 6 I nc.. 


Mass. 
LABELED AMINO ACIDS.  Millicurie 


units of dl-norvaline 1-C', dl-norvaline 
2-C'§, and dl-norleucine 2-C'! are avail- 
Bio-Rad Laboratories, SOO Dela- 
(P-20) 


able. 
ware St., Berkele y, Cal. 





LAB APPARATUS, MATERIALS 





Magnetic Stirrers 


Heavy duty !'39-hp induction motor 
drives 3-in® Alnico 5 magnet of model 
10244 
stepless speed control, pilot light and 


magnetic stirrer. Stirrer has 
Teflon-covered bar. Case is 12 in. in 
Wilkens-A nderson Co.., 4d a5 


(P-21) 


diameter. 
W. Division St., Chicago 51, Ill. 


Simultaneous heating and stirring can 
with king-size Magne-Stir 
Built-in hot 
heat. Rheostat control varies speed. 
Labline, Inc., 217 N. Desplaines St., 


Ch icago 51. Til. P-22 


be done 


stirrer. plate supplies 


Low-Temperature Bath 


0.01° C 
manulacturer tor 
visibility bath. 
offers full 
and unobstructed 
Mechanical 
and 300-watt heating element provide 
Mereury 
thermoregulator and thyratron tube re- 
Wilkens- 
Division St., 


(P-23) 


Control from 5 to 65° C 
is claimed bv the 
No. 


Compact, 


SS2. refrigerated 


portable unit 
visibility working 


space. reirigeration unit 


temperature adjustment 
lay control their operation 
Anderson Co., 4425 W. 
Ch icago 51, Jil. 


PORTABLE REFRIGERATION UNIT. 
Sealed compressor, 's hp, delivers 790 
Btu at 20° F. Thermostat maintains 
temperature control with 1-2° differ- 
ain. A. 
Kinzie St., 


P-24) 


Cooling coil is 8 


159 W 


ential. 
Daigger and Co 
Ch icago 10, Til. 


TEMPERATURE BATH. labo- 
ratory O1 serological work can be done 
bath. Of 
bath 


accuracy. ol 


General 
using Sero-Utility stainless 
steel 
100° C, 


Depth can easily 


construction operates to 


with 0:03° C., 
be changed from 7 
to 5 in. by removing shelf’s legs. Pre- 
Cortland 


P-25 


cision Scientific Co 737 W. 


St., Chicago 47, Ill 


BATCH OVENS. Ai: 


tem is said to maintain uniform tem- 


ulation svs- 


perature throughout work chamber of 





Products Index 


To facilitate your finding the 
products of greatest interest to 
you, the ‘‘Products and Mate- 
rials'’ department, starting with 
this issue, will be categorized 
and indexed. 


Radiation Detectors, Acces- 
sories and Components 


Radioactivity Materials, 
Apparatus 


Lab Apparatus, Materials 
Circuit Component 

Pumps, Valves, and Seals 
Materials 

Industrial Safety 

Industry Notes 
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HB, HA 


Ovens are 


and V 


either gas- or elec 


models laboratory 
ovens. 
trie-fired. Units feature adjustable au 
volume. Burdett Mfg. Co., 34338 W 


Madison St - Chiu ago Up) Til ( P-26 


SHAKER. 


features ol 


Speed control and timer are 

multipurpose shaker fon 
Palo Laboratory 
York 7 


P-27 


laboratory glassware. 
Supple sC'o S] Reade St . Veu 
oe 





CIRCUIT COMPONENTS 





Miniature Components 
\ore 


muniature; 


and more circuits are 


Poy 


midget components and 


printed circuitry for this trend are 
featured here. 
The Acepot is a 


wire-wound potentiometer only !5 in. 


precision 2-watt 
in diameter and | in. long Resistance 


range is 200-50,000 ohms, +2; 


85 





linearitv, 0.3%; weight, 0.2 


a f ) - \ ilal W I and 3 SOLDERLESS TERMINALS. Faston line 
Klectronics Associates, Potentiomet 7 f pus] mn connectors has been ex- 
vision, 125-129 Rogers Avenue f ’ the led. L / -3 ended to include types designed fo 


ville 44 Vass 4 Ze we wire and tor hand tool o1 
} t 


Type JA subminiature ! COMPONENTS IN BRIEF 1utomatic machine application.  Azr- 
>, tert ; a na cra, arine Products, Ine 2100 Pax- 
1, in. in diameter by ', THYRATRONS. he AX-5544 and ( arrisburg, Pa P.47 
resistance is 125,000 oht f AX-5545 are three electrode, xenon 
Type JC "aig" filled. RETMA types. Type AX-n727 WERTICAL-MOUNTING RELAY. Fit- 
gt tiedeay Pte Hl porerer ‘ "c ctl » DY)2] mn standard octal socket. DPDT 
250,000 ohms, 0.15 watt Bot ( ! { ersion of the 21D2 

| ere klectronie Corp 30 Duff rei Hus 3 imp cont ict Capacity, O.L w 
ture low temperature coefficient r¢ / : fly rong dhe 

lve., Hicksville, L. 1., N. P-37 d-¢ Consumption Hedin Tele-Tec! 


sistance. Special model eu utile cal Corp., Livingston, N. J P-48 
Re sistance Products (‘a | 4 race PENTODE. Similar to the HAH6 the 
Harrisburg, Pa : re miniature CK6485 pentoce fers 


Toroidal-steel-« ore pu 


| 


wire-wound resistors 


PLATE RELAYS. Drop-out currents 
on | below pu n are possible 


new RL-516 SPDT relay 


rs (p. 838, right) ha 
are \ . a XK 25 
duce O.05- 2 psee dur on pulse ! 
ax eapagtiadio TRIODE. Type 633 
blocking oscillator Is tire ( 
tf pation and high per 
than O.005 psec ' 
Gudeman Co. W / f 
Chicago 10) Til. 

Panel-mounting subn 
switches are available wit! 
ent combinations of detent 
tained) of spring-loaded 
positions. Consisting of f ne poe ie peli RESIN SOLVENT. Rei 
units, the switches can cor ( ! ; 
as four circuits. Rating is 4 t GERMANIUM DIODES. ) 
270 vi ue Vicro S f Ll, eon 
Minneapolis llone ywel 
Freeport [ll 

The S31 Basie Labor 
tains six conduct 
resistive coatings ce . Cl 

THYRATRON. 

and a manual for printed lit re 
senureh Vicro-( ) 
falo Viel 


Series 3370 and 38371 printe t , ‘ 
Wal tre, Chicago 47, I. (P-42 


t le 


1 OQ ratu 


card recepta les offer p> te 


and pressure type and 


TRIMMER POTENTIOMETERS. \Ii , UHF ATTENUATOR. Flat frequen 


tentiometers ¢ 


sembly respectivel Type m Oto 10 NI 7) ohm im- 


angle terminal strip makes asse t t { ge pp CL PO Onortl ped , a CY ind nient size 
printed cireuit cards easy tl ch use istment ser pat make the V-250 
of the fast-dip method of olcle t { 45) Hits 10% tolerat as . le 
H. HW. Buagie, Tn (St ! t Technology Inst Cent Ave. Ne 
| | 419 


Toledo 1 Ohivo t ¢ Ietor Ii 
Carl ear MULTI-TURN POTENTIOMETER. 
ne TERMINAL BOARDS. beige = 


tentiometer only ty > — ‘ ar 
\ is 1 init 


with resistances from 0.02 4) 


Dual output Pwinpots 


l7 
} 





TERMINALS. \ 
te PUMPS, VALVES, AND SEALS 





\/ ( / Lh 


Power rating % tt SMALL CONNECTORS. \ ture Compact Solenoid Valve 


5 to 500,000) ohms | et rere re \ 
Vo 
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Used with pipe 


i and | in., valves can 
with standard a-c d-c 

consumption is lO 
standard 


1 iton ati 


COLDS are 


Ave., Orange, 


P-55 


motor and pump 


one rotor-impeller unit 


mechanical seals, stuffing 
king glands, are claimed to 
90° of centrifugal 


The 


the fluid line in any position 


pump 
} 


e problems 


pulps 


available in 
Monel; 


, to 3 hp with eapaci- 


{ ( hempuMmips are 


stainless steel, and 


ISO gal) min at heads up to 


handled to 450° I 


Simple 


ill be 
modifications 
5,000 


HO0° | Ib in.* 


available. Chem- 


Vermaid La. 


] aH 


Two Series of Bellows Valves 
Co.'s packless valves are 


provide a leaktight seal 
um wear and deterioration 
r pneumatic-hvdraulic models 
ble. They are 


stems, but can 


especially 
vacuum s\ 
and 


vith volatile Corrosive 


indard models are rated to 
witl temperatures 


0° FF. Inlet 


from 


and outlet 


pipe 
] 2 Grrove St. 


-in. female tap. 
Wal- 
> 2 
P-57 
al Series-1206 valves 
needle and globe 
1 or pressure service 


Phe needle point 
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provides minute throttling over 


CAPACITY Al] 


are type 3168 = 


QO °; 


of valve wetted parts 


bellows wl ich 


Teflon 


rhut) operation to 


,except 


is of either type 321 or 347 
shut-off disks — pe 
150° FF; but Monel 
to 900°F. Valves can be 


with diaphragm operators o1 


ves can be used 
furnished 
electric 
motors for automatic Operation.  Se- 
ries-1212 


signed lor Vine 


remote-control valve, le- 


uum service with liquid 
or Vapor, is air-actuated and 
Lssociate f Valve AV E-ngineer- 


1150 iW Varguette Rd Chi- 


Spring 
closed. 
ing Co.,, 
cago 21,1 


QUICK-SEAL HOSE COUPLINGS. 


Titeflex quick-seal leakproof hose cou- 


P-5S 


plings with built-in single- or double- 
both 


] . ] } 
check valves are available in 


standard 


high-pressure heavy 


and heavy-duty models for 
flow applications 
Couplings are available in sizes up to 
with male or female pipe threads, 
Tite- 


iysen Ave. 


Pp-59 


12 in., 
expansion ring, or barb shank 
flex, Ine., 500° Fre 
Vewark 5, N. J 


Lng! 


k valves avail- 


CHECK VALVES. Chie 


» 


able in sizes up to coin. are designed to 


muxing of two 
Circle 
Foothill 
P-60) 


prevent unintentional 


cross-connected lines, 
Seal Precision Valves. 2181 | 


Blvd., Pasadena 8. Ca 


fuses mn 





MATERIALS 





Foam-in-Place Plastic 
Kecofoam | P 


is ndded and cures to 


Liquid expands when 


catalyst a rigid 


thermosetting foun Room-tempera- 


process yields controllable 2-26- 


ture 
lb ft 


densities Properties of 10-lb. ft 
S540-1b in 


11.000-Ib > in 


{ 


POouMm are: Compressive 


strength, modulus of 


elasticity, 1.IS  dielect: constant 
0.0004 dissipation fnetor kee 
Cuming Ine., S69 Washington St 


Va ‘ P-61 


rson & 


Canton 


T\ 20 


PLASTIC BONDING MATERIAL. 


weld, an organic developed to weld 
metal to metal, metal to porcelain, and 
with 


metal to glass, also can be used 


other materials Available in rod 
powder, or paste, the material resists 
corrosion by oils, fats, and acids. U.S 


Stoneware Co., Akron, O. P-62 
Flushing Oil 


FLUSHING OIL. 
| 


lor mechanical vacuum pumps is said 


Hvvae 


to avoid contamination from detergents 
or volatile additives. It removes old 
dirt 
internal mechanisms 
1700 Irving Park Rd 


P-6 ; 


oil, sediment, and from vacuum 


pumps’ Centra 
Screntitic Co., 


Chicago, Ill 


INSULATING COMPOUND. 


compound = for 


Quick 
drying K-33) dipping 
tools and equipment ts said to be tough 
chemically inert, and not damaged by 
acids or alkalis, 


1.500 volts 


ordinary 
Dielectric strength is 1,200 
mil Insl-X Sales Co IG Rittenhouse 


Sy . Ardmore, Pa. P-04 


CAST-IRON WELDING ROD. 


coated cast-iron rod is designed to give 


greuses Ol 


Copper 


machinable, blow-hole-free torch welds 
of 48,000-Ib/in? 
Working temperature is 1,400° F 1// 
State Welding Alloys Co., Ine., 249-56 
Ferris Ave., White Plains, N. P-65 


RUST PREVENTIVE. 


uid, chemically 


tensile strength 


Fer RosSeal, a liq 


eonverts rust into a 


protective iron-phosphate coating 
V inicitpal Steel Corp., Chemical Di 


1225 Broadwa - N ) . ] \ ) 
HOT-PRESSED TUNGSTEN CARBIDES. 


tungsten 


P-66 


Sinterforge-SF hot-pressed 
carbides are ‘said to improve structure 


and diminish porosity of 


uniormity 
high-cobalt 


where ordi 


compositions 


nary machining techniques “sweat 
out binder. Sint reast Corp ol Loner 
wad, 134 Woodworth Am Yonkers 7 


Pes P-67 
POROUS CARBON. 


grain carbon that contains 75°) air is 
bloc ks on sheets up to 
| 


10 in. and thicknesses 


Iextremely-fine- 


available in 
10 in 
nn Stack pole Carbon Co S/ 


about 
up to 1's 
Varys, Pa. 
STERILIZABLE POLYETHYLENE. 
therm-10] 


ethylene 


P-6S 


Irra- 
made by irradiating poly- 
high-\ 
and 


with oltage electrons 


is insoluble infusible and retains 


toughness, moisture resistance, and 
It contains ho 
Material 


without 


chemical inertness 


residual radioactivity can 
be heated to 350° F 


but prolonged heating causes excessive 


87 


melting 














CARBOLOY. HEVIMET 
Gives 40% more gamma ray 
protection than lead 


For any application requiring 
shielding against radioactivity, 
Carboloy Hevimet combines ex- 
cellent machinability with maxi- 
mum density and minimum space. 


Hevimet has a density of 17.0 
(lead is 11.4). It is di- 
mensionally stable, 
and easily joined; has relatively 
high compressive and tensile 
strength 


gm/cm 


nonporous 


Carboloy Hevimet is available 
in two grades, in many sizes and 
shapes. Write today for free new 
Technical Report. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Ave., Detroit 32, Michigan 


Carboloy” is the trademark for products of the Carboloy Department of General Electric Company 


igo testing in the 








FORD INSTRUMENT COMPANY 


PRECISIO 
A-C Rate 
Generators 


aud 


single-shaft 
servo packages 


offered in 60cy and 400cy models 
extremely stable, linear units with high voltage output 
available temperature compensated for wide ambient range 


These a-c rate generators are designed for any use which requires a 


high degree of accuracy in the linear translation of rotational motion 
into voltage. Thev are especially valuable in servo systems to stabilize 
responses and can be provided in convenient single-shaft 
packages with a wide variety of precision servo motors. 
FOR FULL DETAILS IN ILLUSTRATED BRO- > 
CHURE, WRITE TODAY. ADDRESS BOX NU 


fe 
uns FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
| 31-10 Thomson Avenue, Long Island City 1, N.Y. 


land mM 








Pitts- 
(P-69 


oxidation. General Electric Co., 


field, Mass 





INDUSTRIAL SAFETY 





BERYLLIUM DETECTOR. 


monitor continuously records beryllium 


Factory-ail 


concentration with spark spectrograph 
and d-c amplifier. Also applicable to 
Si, Pb, Zr, V, Cr, Cd, Te, Ge, Sb, and 
Mn. Winston Electronics Ltd., 1 Park 
Road, Hampton Hill, Middlesex, Eng- 
land. P-70 


GROUND TESTER. Model G-5 Auto- 
matic Ground Control stops equipment 
whenever re sistance to ground exceeds 
5 ohms, to eliminate hazards from 
leakage 


Model F conductivity tester for go/no- 


voltages. Also available is 
megohm region. 
He wson Co LLS Broad St., Vewark g 
V. J. P-71) 





INDUSTRY NOTES 





| P Electro Nuclear Corp., Harvey Bldg., 


West Palm Beach, Fla., has been formed 
to manulacture low-priced lab equip- 


ment First product is electrometer. 


® Computer-Measurements Division, 
Detectron Corp., North Hollywood, 
Cal., will make radiation sealers, elec- 
counters, and time 


tronic frequency 


interval instruments. 


& Control Products Co., Inc., Nobles- 


town Rd Oakdale, Pa will design 


inufacture automatic control 


Syste ms 

P Battelle Memorial Institute, Colum- 
bus 1, Ohio, a nonprofit foundation 
has facilities available for catalysis and 


} 


surface chemistry researc! 


P& Atlantic Research Corp., Alexandria 
Va., has new facilities for experimental 
research in chemistry, engineering and 
applied phvsics 

P Electronic 
granch, N. J 


tion center 


Associates, Inc., Long 
has opened a computa- 
where problem analysis 


equipment ind manpowel can be 


rented 


P Plax Corp., Hartford, Conn., has 
sold its plastics rod, tube and sheet 
Westlake Plastics Co., 


Lenni \l “eo 


business to 





LITERATURE AVAILABLE 





Hand tachometers. Bulletin 103 de- 


scribes three-range tachometers. tp 


Vetro Instrument Co Lincoln 
St.. Denver, Col. Fe 
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Steam-water cycle deposits. Bulle- 

tin 28XS155 gives information on] 

sits. 3p. Allis-Chalmers | 
/ 


cep 
i} 


16 S. 76 


th St.. Vilwaukee, | 
[-2) 


Beryllium-copper strip. Technical 


300 gives strip properties 
procedures. 4p. Ameri-| 
Tn 6-0) Prince St. 


Ms Es L-3 


Miniature connectors. Sheets give | 


eteristics of rectangular G-20, 
HC-20 and high voltage | 

dels DeJur Amsco Corp., 

Blod., Long Island 

L-4) 


Hermetic terminals. Leaflet 5410 lists 
i properties of ceramic 
tp. American Lava 


itlanooga 5. Tenn L-5 


Laboratory apparatus. Leaflet ce 
hel il and biological labora 
1 Ss. Aloe Oe DOS 


S/ Louis ] 2. Vo. L-6 


Brazing manual. Booklet covers prac- 
ets ol brazing Various shapes 

ovVvs 24p All-State We lding 

Ine 249-55 Ferris Ave., 


} 
(L-i } 


Pipe markers. Bulletin 135-B_ lists 
rkers available. Ip. W. H. Brady 

»» W. Glendale Ave., Milwaukee 

Wis L-S) 


Demineralizer. sulletin 12S describes 
ressure water demineralizer 
fead Still and Sterilizer Co.., 


f Te rrace, Fore st Hills, 
Vass L-9) 


Vibration monitor. Brochure 500-1 
t uses and specications of vibra- 
OnsI1Vé device 4}. The Beta 


O. Bor 8625. Richmond 26, 
L-10) 


pH control. Bulletin Q1304 shows 
mplete pH recording and controlling 
3S8p The Bristol Co., Water- 

0). Con? (L-11) 


Miniature motor, generator. Leaflets 
SR-43 and GPM-44A describe 25-watt 

otor and Y-oz generator, respectively. 
4 piece Dalmotor Co. 1356 Clay 


St... Santa Clara, Cal. L-12) 


Platinum cladding. Leaflet tells ap- 
platinum cladding. 4p. 

o., 113 Astor St., Newark 5, 

L-13) 

Thermocouple standards. Tentative 
Temperature-E MF Relation for Iron- | 
mnstantan Thermocouples” are avail- | 


, | 
ble. 4p. Scientific Apparatus Mak- 
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S.S.WHITE 
INDUSTRIAL 


“AIRBRASIVE”’ 
UNIT 


The unique “Airbrasive” cutting process has 
brought amazing speed, precision and economy to 
many electronics manufacturing operations, a few 
of which are described at the right. Perhaps you'll 
be able to realize similar advantages in applica: 
tions of your own. 

With the “Airbrasive” Unit you'll be able to drill, 
etch and cut hard and brittle materials—do light 
deburring — remove deposited surface coatings — 
and etch and mark glassware and ceramics. Since 
the cutting is done by means of a high-speed, gas- 
propelled stream of abrasive, there is no contact 
with the work. Therefore — there's no shock ... no 
frictional heat...no vibration...and the accu- 
racy of the cut is unaffected by irregularities in 
surface contours. 














BULLETIN 5307 


has full details on the amaz- 
ing new S.S.White Industrial 
Airbrasive Unit. Write for a 
free copy. 


It has been demonstrated that the" Airbrasive” Unit will 
do jobs that are impossible to accomplish by previously 
known methods. What is your problem? Our engineers 
will be glad to make trials on your samples and advise 
you as to the suitability of the Unit for your needs. 


ON PRINTED CIRCUIT WORK, the 
“‘Airbrasive’’ Unit will ‘trim’ re- 
sistance elements or remove oxi- 
dation from conductive surfaces. 
Because it can be controlled so 
precisely, extremely accurate work 
is possible. 


ON DEPOSITED CARBON RESIS 
TORS, the ‘“‘Airbrasive’ process 
provides a fast, accurate method 
of cutting spiral bands. Cuts as 
fine as .008” can be made. 


ON SHAPING FRAGILE CRYSTALS, 
the ‘‘Airbrasive’’ Unit's precision 
and cool, shockless action elimi- 
nates the possibility of shattering 
or distorting the crystal. 


One 
ae DIVISION 


DENTAL MFG. CO. 





Dept. 16, 10 E. 40th St. 
NEW YORK 16, N. Y. 


Western District Office * Times Building, Long Beach, California 


Want more information? Use post card insert in this issue 








Basic Decade Scaler 


A High-Speed Scale-of-1,000 Unit 
for Proportional, Scintillation, or GM Counting 


@ Plug-in scaling assemblies 

® High-Precision built-in timer 
® Optional high-voltage ranges 
@ 2 microsecond resolution time 


@ Rapid-reset, six digit register 


a / 
ic. | 
wae 


FREE CATALOG 


Catalog N-8 covers NMC's complete line of 
nuclear instruments 


F.O0.B 
INDIANAPOLIS 


MODEL 
DSs-1 


he 


$645.00 


_— 


Y Foremost Manufacturer of Proportional Counters 


eae” Nuclear Measurements Corp. 


2460 W. ARLINGTON AVE. « INDIANAPOLIS 18, ino. 





LELAB GEIGER-MUELLER TYPE COUNTER TUBES 
Metal-Walled — Resist Shock 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely 
of metal. The metal cylinder is used both as the envelope and cathode of the 
tube—providing it with streng to shock and simplicity of design 
The restriction of all con the the 
permits the stacking ¢ any es withi a space 
counter 1s | stability 


reproducible results 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


Selverstone 


resistance 
tube 
Each 


j 
ana 


diameter of 
confined 


( lose 


custom-built, fille insure 


(Robinson Type) 
other 
robe provides an 

all areas with a relatively 


requiring a 
way 


Made especially for neurol 
miniature probe tube. 7 
of measuring radioactivity im vivo and for prot sm 
strong field intensity 


W rite Dept B fc r con leote nf 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 


purposes 
ideal 


rratior 








eT 


York se = 


desc! ibe ~ 


X-Ray accessories. Catalog 


complete line of accessory and protec- 


Bar Ray Prod- 
S/ Brookly 32 


L-15 
hi 


illation 


Vibration Bulletin ¢ 


1 d05E e@XpPLalns 


meter. 
meter for ost 
Consolidated / ngineer- 


Vadre Ville 


a L-16 


00 Sierra 


Laboratory wares. Catalog listing 
! ratu avaliable lOp 


Electrical instruments. 

nts and dil 
yw AA-|] 
respectivels 


0. Boa 


Instrum 


Catal 


MIO 


L-1S 


Generators and power supplies. 


ribes line of generators 
lOp 


ts Lahore 
Plaintield \ 


r sup} etc 
cation Ve 
350 Leland A 


emer 


sheet de- 


Master-slave manipulator. 
ote | \lodel s, 


Ine. 
1-20 


anal unit 
Laboratori R 


Ing 


Section 2, catalog LOO de- 


Incubators. 


itors and p: 


nbedding 


irgica und Elec- 
\ Desplaines } 


raflinen 


ChicagoS 


Selenium rectifiers. Bulleti: 


CUsses ectihiel itions 


Chem nd | 
Worth St., Lo 


CLP PLE 
ngineering Co 

Linge es bo. Ca 

Bulletins 4505-A 


small zeolite softener 


Water conditioning 
ind 4645 describe 
(Cochrane 


L-24 


respec tively 


Fra 


lelphia 


Special glassware. Catalog CA-1 
ide laboratory 


Works 


auppara- 


Corning 


(ss 


Filter presses. Catalog 


tion boot tillable 


and Co., Bat , f 


Plastics specifications. 
ith ut LOS 


«dl plastics 
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Test chamber. Brochure gives char- 
teristics of temperature test cham- 

j Statham Deve opment Corp., 
Olumpic Blvd.. Los Angeles 


( 


Air-data computer. Brochure de- 
es iunta computer Sp. Nervo- 
I ne 00 Franklin Ave., 


(; ler f 8 ] Ve u ) ork. (L-29 


Indicating amplifier. Bulletin IA de- 

es microvoltmeter, amplifier. 2p 
Doelcam Corp., 1400 Soldiers Field Rd., 
Boston 35, Mass L-30 


Gas analyzers. Leaflet describes line 
y zers, based on conductiv- 
fp. Charles Enq- 
Passaic Ave., East 

L-31 
Precision cams. Bulletin discusses 
lab cams ty). Ford 

10 Thomson Ave 


fa £ 


illustrates line of fuses 
blown. 12p Sig/ {- 
St., Neu 


Miniature wire. Catalog discusses 
wire and cable. 
lated Ware 


I lo y. 


Chemical feeder. Catalog 70-50 ex- 
! eed for small quantities of 
=| Fischer and Porter Co.. 


Hatho Pa 


Instrument publication. “Laboratory 
Report n instrumentation subjects, 
Ip Tech nology Tnstru- 

t Cor) icton, Mass, L-36 


Stripping solutions. Sheet describes 
tripping solutions, for removing 

Ip. Fidelity Chemical 

pP f or) IVO-474 Fre inghuysen 


ire. Ne j L-37 


Ceramics. Chart gives electrical and 
roperties of ceramics Ip 


elain Co... 89 Muirhead 


| Trenton 9, N.S (L-38 


Materials handling. Booklet explains 
( f bor, space and equipment 
Facto 

VJ 


Vy 


Fast-setting cement. Sheet describes 
t-setting ement tor incl 
Garon Products Co.. 33 


dOring Mia- 


L 
Electrical ceramics. es el 


( 
echan pret ( 


Keasl \ 41 
Blind and plug valves. Catalog 
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for Your 
LABORATORY 


This Free Book — 
Just off the Press — 
describes in detail 


the C3) ELA System 


FOR HANDLING HAZARDOUS MATERIALS 


Single Unit’ for remote control 


I cn 


The Kewaunee ‘CBR TWOSOME 


Sales Offices in Principal Cities 


nsert in this issue 


Provides the utmost in 
SAFETY — CONVENIENCE 
and ECONOMY 


With the rapid strides being made to- 
day in Chemistry, Biology and Radi- 
ology, the safety keynote in modern 
Laboratory operation is 


“CONCENTRATE- 
CONFINE”’ 


— whether materials handled are in the 
field of Isotopes, Explosives, Solvents 
or toxic materials. Just a few minutes 
spent with this free new Kewaunee 
Book will show you how you can be 
sure your Laboratory will provide vital 
protection to personnel, as well as out 
standing flexibility and economy of 
operation. 

Before you invest in any new Labo 
ratory Equipment, see how Kewaunee 
makes it easy for you to apply the mod- 
ern approved system of standardized 
individual safety working enclosures. 


The CBR System by Kewaunee 
marks another great achievement in 
our 50-year record of keeping ahead 
with the latest and best in Laboratory 
Equipment. Get full details now 


SEND FOR 
“The CBR System by Kewaunee’’—today 


J. A. Campbell, President 
5083 S. Center St ¢ Adrian, Michigan 











MISSILE 
SYSTEMS 


Research 
and 


Dewe lopme net 


PHYSICISTS 


AND ENGINEERS 


Inquiries are invited from 
those who can make significant 
contributions to, as well as 
benefit from, a new group 


effort of utmost importance. 


hherd 
a ae 


MISSILE SYSTEMS DIVISION 


reSsearne hi 
and 


engineering 


staff 


VAN NUYS ¢ CALIFORNIA 
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bes iv of blind; plug valves. 
7An Hamer Oil Tool Co 2919 Gar 
ive., Long Beach 6, Cal [-42 


Electronic instruments. Catalog ce- 
ne of electronic test in- 

iments. Hewlett-Packard Co., 3000 
Page Mill Rd., Palo Alto, Cal. L-43 


Servo potentiometers. Techn 


441 discusses precision st 
iter potentiometers 2p. HHe- 
pot Cor] 116 Meridian Ave., Sout! 
/ 1, Ca L-44 
Resistors. Form S-074A lists dat 
t Bulletin T-1 gives « 
t ind disc resist 
/ Resistance Co Mot oN 
B St., Philadelphia 8, Pa L-45 
Germanium diodes. Bulletin GD-1A 
f cteristics Ip. Int 
ii Corp., 1 E.G 
| BLS ndo, Ca L-46 


Bulletin 460 
j 


COLOLUAL CIs pe 


Colloidal dispersions. 


f or line of 


S] tcheson Colloids Co. Pr 


I] Vici L-47 


Liquid level gages and valves.  Cuta- 


) 


4) presents data on line of gages 
Te ( Sp Jerquson Gage and 


80 Fellsway 


Somer 


Periscopes. [Bulletin 3801 discusses it 
t periscopes Ip Kollmorqer 
(int Cor) / King St.. Nort/ 


/ 


V 1-49 


Bridges and ratio sets. Booklet 1-53 


onductance mesure 


Instrument motor. Leaflet SG15-1 de 


Korff Gear Co 13 N. Morg St 
( / L-51 
Gas analyzers. Duta sheet 10.15-12 
ect let itv gas 
2 VJ ipolis-Ho 
/ ( Wee he and i 
| / 1, Pa 1-52 
Instrument gears. Catalog illustrate 
‘ oe Wi G 
7 r N ona Ave ( 
L-53 
Coatings. ( ge describe 
: tet 
VJ ( a ( 
St., B V 4 
Thermostats Bs es Cs 
| Vi 
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FIRST ANNUAI 
NATIONAL CONFERENCE 
ea 
PROFESSIONAL GROUP 


ON 
NUCLEAR 
SCIENCE 


Chicago 


October 6-7 


For the convenience of 
those attending thre 
Conference, Karl FE. Zint 
and C.T. Petrie of our 
Pechnical Staff will be 
available for consultation 


at the convention hot 


hk bied, 
Si 


MISSILE SYSTEMS DIVISION 


research 


and 


CNLINEE ring 


staff 


VAN NUYS @ CALIFORNIA 
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Paper electrophoresis. 


trophoresis system. 


tp. | 
necialized Instruments 668 


Cal 


O’ Ne 1 


Corp., 
L-56) 

P354 
transformers. 
Bristol. 


sel mont, 


Transformers. Bulletin 


il ible Supe- 


L-57) 


‘atalog N 


radiation 


('o Conn. 


instruments. 
complete 
ng equipment, 


Radiation 
line of 

10p. 
ent and Chemical Corp., 
Ill. 


counter. 


Nuclear 
229 W. 
(L-58) 


Si.. € ago 10. 


Brochure de- 
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USED—RECONDITIONED 


NUCLEONIC EQUIPMENT 
Keleket Alpha Scalers and Chambers 
Telemark Neutron Monitors 
Dosimeters, Speed Counters etc. 
quality at substantial savings 
ENGINEERING ASSOCIATES 
434 Patterson Road Dayton 9, Ohio 
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No.) Address to 
NEW YORK: 330 W. 42nd St 
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POSITION WANTED 
ENGINEER, ME. Degree 


ener with nuclear equip. firn 
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Want more information? Use post card insert in this issue 
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Height 


® Lightweight Aluminum 
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© Recommended by Labora- 
tories Wherever Used 


® Ball Bearing Swivel Rub- 
ber Tired Casters 


TECHNICAL SERVICE CORP. 


1404 West Market Street 


O. B. Louisville, Ky 








WHERE TO BUY 
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Rates are per inch per insertion 
tract rates are based on the use « 
and 


12 issues within the contract year 


as specified below 


6 Times 


20.25 


1 Time 


$21.75 




















Larger Sizes Now Available 
HI-D* LEAD GLASS WINDOWS 
steel, lead, and concrete 


For use in wall 


PENBERTHY INSTRUMENT 60. 


Adams St Seat 
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a famous family of aircrafe easeniiiale 
UNITED AIRCRAFT PRODUCTS, INC. 


ROX 1035 ° 1116 BOLANDER AVE., DAYTON 1, OHIO 








the 


6 static 


seal 


story 


complete coverages as indicated by these sub-headings 


@ THE STATIC SEAL PROBLEM 


@ APPLICATION OF THE SELF-ENERGIZED METALLIC O-RING 
@ DESCRIPTION OF THE SELF-ENERGIZED METALLIC O-RING 
@ ENGINEERING DESIGN DATA 


@ MECHANICAL BACK-UP 
@ O-RING SQUEEZE 
@ SURFACE FINISH 


@ COMPRESSION LOADS REQUIRED TO INSTALL 


@ RESILIENCE 


@ LIMITATIONS — PRESSURES — TEMPERATURES 


@ CORROSION RESISTANCE 
@ DESIGN LIMITATIONS 
@ SUMMARY 


16 pages of factual information; compiled from 
data gathered during months of rigorous testing 
in our own and in independent test laboratories. 
Based on a paper delivered by UAP engineers at 
the Cleveland SAE Symposium on Aircraft High 
Temperature Static Seals for all Media. May 18- 
19, 1954. Brand new! 

WRITE TODAY, on your company letterhead, 
for a copy of this new UAP Metallic ‘O'-Ring 16 
page brochure. 
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Scintillation 
Spectrometry 


System fox 


Gamma Ray Assay 


... complete 20 channel instrumentation 


... faster, more efficient pulse height analysis 
Designed for analysis of gamma ray energies from radioactive 


ATOMIC’S 


ww 








Mrrrecir 
69996906 9 


isotopes, the spectrometry technique makes possible counting 
emissions from single or mixed sources, and the identification 
of individual radioactive sources present in mixtures. Use of 
the twenty-channel analyzer increases counting efficiency, 
saves valuable manhours, and eliminates need for decay- 
time corrections. 





Model 312 
New STABLE (0.02% per day) 
Scintillation High Voltage Supply 


@Exceptional high voltage stability practically elim- 
inates drift for maximum accuracy (0.02% per day) 


Model 520 





The Twenty Channel 
Differential Pulse Height Analyzer 


@Twenty 0.5 volt, fixed, adjacent channels may be used to divide 
60 volt spectrum into 120 parts 





@Each channel has a scale-of-sixteen and electro-mechanical @line regulation: 0.01% for line variation from 100 
register to 130 volts 
@Two scales of 256, with registers, record ‘Total’ and “Surplus” @Either positive or negative output available through 
count front panel switch 
@ All channels reset from one push-button control @Range: less than 200 volts to greater than 1400 
A simplified analysis technique uses the Model 510 Single volts in 17 steps ‘ 


Channel Analyzer, a Model 218 Linear Amplifier, a Model 131 
Scaler, and the related instruments described below. 
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Model 810 
New Bench-type WELL 
Scintillation Counter 

@High linear response from built-in preamplifier 

@Well-type Sodium lodide Thallium Activated Crystal 

provides superior geometry for increased 

efficiency 

@Specially designed for sample counting of gamma 

emitting radioisotopes 

@includes built-in lead shield to reduce background 





Gammo ray spectrum of |'3! 


A typical graph, obtained with the above instrument system, 
showing identifying characteristics of I'3' radioisotope. 
Charting time — 30 minutes. 


counting 





For complete information on the Scintillation Spectrometry 








System, please request Bulletin 5202-1. counting 
| N S T R U M gE N T SALES REPRESENTATIVES 
AID) H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa 
© oO M eC A N Y W. A. BROWN & ASSOCIATES — Alexandria, Virginia 
Branch Offices — throughout Southeastern U.S 
9. MASS PACKARD INSTRUMENT CO. — P.O. Box 428, LaGrange, 1! 
06 nae aS ORES KITTLESON COMPANY — Los Angeles 46, Calif 








Branch Offices — San Francisco, Calif. — Albuquerque, N.M 


Lineor Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 
Count Rate Meters, Coincidence and Anticoincidence Instruments, 
Differential Pulse Height analyzers, Accessories. 


Want more information Use ¢ 
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RON MERRITT COMPANY — Seattle, Wash. 
STRAUS-FRANK COMPANY, Eng. Prod. Div. — Houston, Texas 
CANADIAN MARCONI CO. — Montreal, P.Q. 

Branch Offices—Toronto—Winnipeg—Vancouver—Hoalifox 
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Now...the answer to high-resolution recording of test data 


... the Extended Range £lectraniK Recorder 


Closeup of indicating scale. Upper pointer shows 
millivolts withinthe span lower pointer indicates 
millivolts to be added. Total reading: 4.58 mv. 





Desicnep especially for recording variables 
which change over a wide range, this new E/ec- 
troniK instrument records on a chart effectively 
55 inches in width. It has five equal measuring 
spans. Whenever the variable being measured 
reaches either the upper or lower limit of one of 
these ranges, the instrument automatically steps 
to the adjoining range and continues recording. 
Two indicating pointers show the range in use 
and the value withia the range. Connected to 
each pointer is a pen; one draws a purple record 
showing the range, the other draws a red record 
of the variable itself. To get the complete read- 
ing, you simply add both pen or pointer indica- 
tions. 

The complete range is 10.2 millivolts, in five 


2-millivolt steps with an extra 0.2 millivolts on 
the high end of each span to provide an overlap 
that facilitates measurements near the change- 
over point. Pen speed of 4!.5 seconds full scale 
affords rapid response to quickly changing vari- 
ables. 


You'll find this new instrument particularly valu- 
able in strain gage measurements and in dozens 
of other uses where high resolution aids interpre- 
tation of data. Your nearby Honeywell sales engi- 
neer will be glad to discuss your specific applica- 
tion .. . and he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Data Sheet No. 10.0-18, ‘Extended Range Recorder." 
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